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A  GEOLOGIC  RECONNAISSANCE  FORPtOSPHATE  AND 
COAL  IN  SOUTHWESTERN  IDAHO  AND  WESTERN 
WYOMIl^^G. 


By  Alfred  Reginald  Schultz. 


INTRODUCTION. 

PUBPOSE  OF  INVESTIGATION. 

A  recoixrxiiissance  examination  of  a  part  of  southeastern  Idaho  and 
w^tem    W  yoming  lying  between  meridians  110°  45'  and  112°  and 
parallels    43°  and  44°,  comprising  an  area  of  approximately  2,000 
square  xrxilos  in  the  vicinity  of   Big  Bend  of  South  Fork  of  Snake 
River,  "veas  undertaken  in  1912,  for  the  purpose  of  collecting  data  for 
the  elimination  of  lands  from  existing  phosphate  reserves  if  it  was 
found  that  they  contained  no  valuable  deposits  of  phosphate.     The 
writer  sp>eiit  three  weeks  in  the  region  north  of  Snake  River  and 
north   of     the  area  examined  in  a  reconnaissance  by  Schultz  and 
Richards  *  in  the  autumn  oi  1911.     As  a  result  of  this  examination 
141,287    acres  of  withdrawn  phosphate  land  was  restored  to  agri- 
cultural entry.     The  data  collected  during  the  examination  indicate 
that  only  a  part  of  the  phosphate  land  in  this  region  was  included 
in  the  phosphate  reserves  created  by  the  withdrawals  of  December, 
1908,  December,  1909,  and  July  2,  1910.     The  former  boundary  of 
the  phosphate  reserve  in  this  region  has  therefore  been  so  modified 
and  extended  as  to  include  all  the  knowTi  phosphate  areas.     This 
has  necessitated  the  withdrawal  of  84,507  acres,  leaving  a  net  reduc- 
tion in  the  outstanding  Idaho  phosphate  withdrawals  of  56,780  acres 
as  a  result  of  this  preliminary  examination.     The  withdrawn  lands 
have  been  included  in  the  phosphate  reserve  because  it  is  known  that 
they  are    underlain  by  phosphate   deposits.     It  was  found  to  be 
impossible  during  this  short  reconnaissance  examination  to  trace  the 
outcrops  of   the  phosphate  beds  throughout  the  area,  measure  the 
thickness   of  the  phosphate  beds  at  short  intervals,  determine  the 
amount  of  phosphoric  acid  they  contain,  measure  the  thickness  of 
the  overlying  beds,  and  work  out  the  structure  in  sufficient  detail 
to  determine  in  what  tracts  the  phosphate  bods  occur  near  enough 

'Scholta,  A.  R-F  •'^  Richards,  R.  W.,  A  geologic  roconnaissanco  in  southeastern  Idaho:  U.  S.  GeoL 
9fv97  Bun.  SaO,  VP-  3"7-28l^  1913. 
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to  the  surface  to  justify  the'  classification  of  the  tracts  as  phosphate 
land.  As  more  dof^e^  examinations  of  these  lands  are  made, 
part  of  the  aroa,jjo)r'-Adthdrawn  will  no  doubt  be  classified  as  non- 


phosphate,  and  small  outliers  of  phosphate  rock  may  be  found 
capping  the  ridges  or  included  between  fault  blocks  in  areas  not 
included  in  the  outstanding  phosphate  reserves.  Figure  1  shows 
the  extent  of  the  phosphate  reserves  on  July  1,  1914,  and  the  areas 
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ithephosphato  region  in  southcastom  Idaho  and  western  Wyoming 
mmined  by  the  Survey  since  1909,  when  the  first  extensive  mapping 
of  the  phosphate   deposits   in   the   Rocky  Mountain   region   was 

odertalceii. 

EABLIEB  WORK. 

The  first  geologic  and  topographic  examination  in  the  area  con- 
•dffed  in  this  report  was  made  in  1872,  when  the  Snake  River 
Jmsion  of  the  Hayden  Survey  traversed  the  coimtry  from  Ogden, 
Utah,  to  Fort  Hall,  Idaho;  thence  went  up  Snake  River  and  the  valley 
ofHeniys  Foi*k  to  its  head,  where  an  examination  of  the  lakes, 
pysere,  and  headwaters  of  the  Fire  Hole  Basin  and  vicinity  were 
nude;  thence  crossed  the  divide  to  the  headwaters  of  South  Fork 
of  Snake  River  and  went  down  that  stream  by  way  of  Jackson  Lake 
vA  the  canyon  of  the  South  Fork  to  its  emergence  on  the  great 
liviHX)vered  plains  a  few  miles  north  of  Fort  Hall,  Idaho.  The 
pdogic  report  by  Frank  H.  Bradley  *  and  the  accompanying  maps 
*t  forth  admirably  the  general  features  along  the  route  of  travel 
■rfgive  much  information  that  is  of  value  in  interpreting  the  struc- 
toeof  the  region. 

lie  entire  area  covered  in  the  present  reconnaissance  survey  was 
■upped  topographically  by  the  Hayden  Survey  in  1877,  and  a 
^OQBiderable  part  of  the  area  was  examined  geologically  by  Orestes 
St  John,'  ii^hose  report  includes  a  fund  of  accurate  information  and 
iiqa^esents  reconnaissance  work  of  high  standard.  In  accuracy  and 
'  TUntity  the  data  given  in  the  text  are  well  in  advance  of  the  geologic 
^  which  accompany  them.  To  the  errors  in  the  maps  and  in  the 
i&tffpretation  of  the  structure  are  due  in  part  the  mislocation  of  the 
pho^hate  reserves  as  originally  constituted,  and  one  of  the  main 
^\s  of  the  present  examination  consists  in  corrections  of  the 
CRom  in  these  old  maps  and  information  on  the  localities  not  visited 

Il^ySt.  John  or  members  of  his  geologic  party. 
Ibre  recently  part  of  the  area  was  examined  by  members  of  the 
llidted  States  Geological  Survey.  In  1906  the  writer^  and  party, 
vhile  making  a  reconnaissance  examination  of  the  deposits  of  central 
licoh  County,  Wyo.,  examined  a  portion  of  the  area  east  of  the 
AWoka  fault  and  south  of  Snake  River.  In  the  summer  of  1910 
Biot  Blacfcwelder  *  and  party  traversed  the  region  from  MontpeUer, 
^0,  northeastward  across  the  Preuss  Mountains  to  Afton,  Wyo., 
^ce  northi^ard  along  the  Salt  River  valley  to  Snake  River,  thence 

'^•&GeoL  Survey  Terr.  Sixth  Ann.  Kept.,  pp.  189-271, 1873. 
'l^aCeoL and  Geas-  Surray  Terr.  Ele\-enth  Ann.  Kept.,  pp.  321-508, 1879. 

'fttelu.  A-  R.,  Coal  fields  in  a  portion  of  central  Uinta  County,  Wyo.:  U.  S.  Geol.  Siirv«y  BulLSltt, 
^StUl^  1807;    Oeology  and  geograpliy  of  a  portion  of  Lincoln  County,  Wyo.:  U.  S.  Ocol.  Survey 

aktmrnitUf    CSlIot,  A  reoonncUssanoe  of  the  phosphate  deposits  in  western  Wyoming:  U.  S.  Geol. 
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down  the  Snake  River  valley  to  Irwin,  Idaho,  and  across  the  Snake 
River  Range  to  Victor,  Idaho,  in  the  Teton  Basin.  Only  cursory 
observations  were  made  along  the  route  from  MontpeUer  to  Victor, 
but  on  the  west  side  of  the  Teton  Range  the  party  spent  several 
days  in  more  systematic  geologic  work.  A  similar  study  was  made 
of  the  moimtains  south  and  east  of  Jackson  Hole,  including  the 
canyon  of  Snake  River  in  Wyoming.  In  the  summer  of  1912  Black- 
welder  again  visited  the  region  and  made  an  examination  of  the  rocks 
along  the  west  side  of  the  Teton  Mountains  from  the  Yellowstone 
National  Park  southward  as  far  as  Darby  (Veek,  in  the  Teton  Basin, 
but  the  results  of  this  investigation  have  not  yet  been  published. 
In  the  fall  of  the  same  year  E.  G.  Woodruff  examined  some  of  the 
coal  beds  in  the  vicinity  of  Horseshoe  and  Packsaddle  creeks,  on  the 
northeast  slope  of  the  Bighole  Mountains  west  of  Driggs,  Idaho. ^ 

GEOGRAPHY. 

rriNEItABY. 

In  making  the  reconnaissance  examination  of  the  withdrawn 
phosphate  lands  in  the  Snake  River,  Bighole,  and  Teton  mountains 
the  party  moved  by  rapid  stages  from  the  railway  at  Rexburg, 
Idaho,  southeastward  across  the  lava-covered  plains  to  Snake  River; 
thence  southeastward  to  the  mouth  of  the  Snake  River  canyon  near 
the  State,  boundary,  a  few  miles  east  of  the  Salt  River  valley.  Along 
the  route  of  travel  only  cursory  observations  were  made,  but  on  Snake 
River  above  the  mouth  of  tJie  canyon  several  days  were  spent  in 
more  systematic  geologic  work,  in  examining  sections  and  makin^^ 
traverses,  which  proved  beyond  question  that  the  phosphate  beds 
are  present  in  the  hills  on  each  side  of  Snake  River  and  have  been 
eroded  in  the  valleys,  for  they  occur  at  no  place  along  Snake  River 
from  the  lower  end  of  the  canyon  eastward  to  the  Absaroka  fault. 
Similar  studies  were  made  of  the  moimtains  at  a  number  of  places 
across  the  range  from  Snake  River  northwestward  to  Moody  Creek, 
southeast  of  Rexjburg.  Several  days  were  spent  in  a  study  of  the 
geology  of  the  mountains  along  Indian,  Elk,  PaUsade,  Raioy,  and 
Pine  creeks.  The  party  then  moved  across  the  Snake  River  Range 
over  the  divide  at  the  head  of  Pine  Creek  into  Teton  Basin,  where 
cursory  examinations  were  made  along  the  east  flank  of  the  Bighole 
Mountains  southw6st  of  Victor,  Idaho,  and  along  the  west  flank  of 
the  Teton  Mountains  east  of  Victor,  in  the  vicinity  of  Moose,  Fox, 
and  Darby  creeks.  From  Victor  the  party  moved  northwestward 
along  the  east  base  of  the  Bighole  Mountains  to  Hotseshoe  Creek, 
where  a  somewhat  more  detailed  study  of  the  Bighole  Mountains 
was  made.     Owing  to  the  heavy  fall  of  snow  at  this  time,  which 

1  Woodrufl,  E.  G.,  The  Horseshoe  Creek  district  of  the  Teton  Basin  coal  Held,  Fremont  County,  Idaho 
U.  8.  Qeol.  Survey  BuU.  541,  pp.  37^-388,  1914. 
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eompleiely  xx^Skslce<3  the  geologic  formations  exposed  in  the  mountains, 
fliework  iwcls  discontinued,  and  the  party  returned  to  Rexburg  over 
tte  lavar-co^v^ercci   plains  by  way  of  Canyon  Creek  and  the  village  of 

Telon.  

TOPOGBAPHY  AND  SETTXEMENT. 

The  entire  curea  examined  lies  within  the  Snake  River  drainage 
basin.  The  drainage  has  a  dominant  northwesterly  trend  and  is 
carried  by  Soaite  River,  which  in  the  eastern  part  of  the  area  flows 
m  a  southerly  direction  and  south  of  Jackson  Hole  goes  between 
the  Snake  River  and  Salt  River  ranges  in  a  deep  canyon  at  nearly 
right  angles  to  the  trend  of  the  mountains  and  thence  flows  north- 
west The  principal  tributaries  are  Gros  Ventre,  Hoback,  Greys,  and 
Salt  rivers  and  Henrys  Fork.  Teton  River  is  the  largest  tributary 
of  Henrys  Fork:  and  drains  all  of  Teton  Basin. 

Two  types   of  country  are  included  in  the  area  examined — lava 

pluns  or  plateaus  and  the  rugged  mountain  tracts  which  are  made 

up  for  the   most   part  of  deformed  sandstone  and  limestone  and 

metamorphosed  schists,  granites,  and  gneisses  of  pre-Cambrian  age. 

With  the  exception  of  the  northwestern  part  of  the  area,  north  and 

west  of  the   Bighole  Mountains,  Teton  Basin,  and  part  of  Snake 

River  valley,  the  entire  area  is  one  of  ragged,  well-forested  moun- 

tiins.    On.  the  east  side  of  the  area  the  ranges  trend  nearly  due 

north;  in   the    central  and  western  portions   they  run  northwest. 

The  mountain  ranges  are  generally  separated  by  narrow  valleys, 

but  some  of  the  intervening  spaces  are  wide,  flat-bottomed  basins, 

sach  as  Teton  Basin  and  Swan  Valley  Basin  in  Idaho,  and  Jackson 

Hole,  on  Snake  River,  and  Star  Valley,  on  Salt  River,  in  western 

Wyoming-     These  larger  valleys,  as  well  as  the  lava-covered  plains 

m  the  northwestern  part  of  the  area,  are  now  fairly  well  settled  by 

ranchmen  and  dry  farmers,  but  in  the  mountain  districts  there  are 

few  inhabitants  and  no  settlements  of  importance.     A  considerable 

part  of  the  area  is  included  in  the  Palisade,  Teton,  and  Caribou 

nttional  forests,  and  is  primarily  used  for  cattle  and  sheep  grazing 

daring  the  summer  and  as  a  source  of  timber.    The  mountainous 

portion,  especially  in  the  vicinity  of  Jacksan  Hole,  is  a  celebrated 

game  country  that  has  become  noted  for  its  elk  and  is  visited  annually 

by  hundreds  of  hunters  in  search  of  big  game.     Trails  and  wagon 

roads  are  common  throughout  the  area,  and  good  hunting  ground  is 

readily  accessible  from  all  the  settlements  or  larger  valleys.    The 

United  States  Forest  Service  in  recent  years  has  built  excellent  roads 

and  trails  in  that  portion  included  within  the  national  forests. 

The  only  railroad  in  this  region  is  the  Oregon  Short  Line,  which 
croases  the  northwestern  part  of  the  area  at  Rexburg  and  St.  Anthony 
and  has  a  spur  line  from  Ash  ton  to  Victor,  in  the  Teton  Basin.  The 
same  company  in  the  fall  of  1912  completed  a  second  survey  of  a 
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railroad  route  from  Idaho  Falls,  Idaho,  to  Jackson,  Wyo.,  along 
Snake  River.  The  approximate  location  of  this  alinement  survey  is 
shown  on  Plate  I  by  a  black  line.  It  was  reported  in  1912  that 
construction  work  on  this  line  was  to  begin  in  the  near  future.  Rex- 
burg,  St.  Anthony,  and  Driggs,  Idaho,  and  Jackson,  Wyo.,  are  the 
main  trading  points,  although  there  are  numerous  small  villages  and 
trading  posts  scattered  throughout  the  area.  Post  offices  are  main- 
tained at  many  places  in  this  area. 

GEOLOGY. 

STBATIGBAPHY. 

GENERAL  SECTION. 

The  rocks  of  the  region  range  in  age  from  pre-Cambrian  to  Qua- 
ternary. The  portion  of  the  stratigraphic  colimon  from  the  pre- 
Cambrian  basal  complex  to  the  Devonian  appears  to  be  only  partly 
represented,  as  there  are  unconformities  separating  the  Cambrian 
from  the  pre-Cambrian,  the  Ordovician  from  the  Cambrian,  the 
Silurian  from  the  Ordovician,  and  the  Devonian  from  the  Silurian. 
The  portion  of  the  column  above  the  Devonian  appears  to  be  more 
fully  represented  from  the  basal  Carboniferous  to  the  top  of  the 
Jurassic,  where  there  is  another  pronounced  imconformity.  At  or 
near  the  end  of  Cretaceous  time  there  was  an  interval  of  erosion, 
which  is  indicated  by  a  marked  unconformity.  Subsequent  inter- 
vals of  erosion  resulted  in  imconformities  in  the  Tertiary. 

The  main  features  of  the  section  are  set  forth  in  the  subjoined  table. 

Generalized  section  of  sedimentary  formations  in  southeastern  Idaho  and  western  Wyoming  ^ 

in  the  area  covered  by  this  report. 


System. 

Series. 

i 

Group  and 
formation. 

Thickness. 

Character  of  strata. 

Remarks. 

1 

Recent. 

m 

Feet. 
0-250 

nill  Nvash,  tains,  and 
landslide  material. 

Gny  and  soils  de- 
rived   largely 

0-1,000 

Valley  fill,  terraces, 
flood-plain  depos- 
its,   small-stream 
bottom  lands,  and 
travertine. 

from  the  weath- 
ering of  underly- 
ing rocks.  Good 
agricultural  land. 

Quaternary. 

0-130 

River  terraces. 

Gold  placers 
worked  along 
Snake  River. 
Similar  deposita 
of    auriferous 

Pleistocene. 

gravel  occur  both 
up  and  down 
Bnake  River  bi»- 
yond  this  area 
and  on  some  of 
its  tributaries. 

1-150 

Boa]ders,|!TayeI,and 
morainal  material 
a.ssnciated       with 
hill  wash. 

No  particular 
value. 

I 

t 
I 


T. 
S 

s. 


T. 
4 
8. 


T 
5 
S. 


^ 


AH  rocks 
-tiie'phosp'b 


'Phosphate  out 
prospe 
(I-ett^re  A|B,c,c 
looQtiofns  Where 
tsGtLen;  daebedHn* 

location;  X  pro 


Dip  and  8 


R.  30    E 


Geology  by 
Alfred  R.Schultz 

5urvaye4  in  1912 


STRATIGRAPHY. 


Cff  sedimentary  formations  in  southeastern  Idaho  and  western  Wyomin 
in  the  area  covered  by  this  report — Continued. 


(7) 


(T> 


Evanston  forma- 
tion (?>. 


-Uncanfonnity 


Ada>ille    forma- 
tion (T). 


\jpper  Creta. 
oeotu. 


Group  and 
formation. 


-Unconfarmity- 


Thickness. 


Character  of  strata. 


Feet, 
(7) 


p. 

g 

b 
I 


Knight     for- 
mation. 


Unconformity 


K\my  forma- 
tion. 


Hllliard     forma- 
tion (T). 


Frontier    forma- 
tion. 


Asnen  formation. 


Bear  River  for- 
mation. 


-XTnoonformlty — 


."SOOdb 


l,000i: 


(7) 


.(7) 


(7) 


3,000± 


1,000-1,200 


800± 


Maris,  marly  lime- 
stones, and  cal- 
carooiis  conglom- 
erates. 


Red  and  vellow 
sandy  clay?, 
shales  sandstones, 
and  concretionary 
limestones. 


Red  and  yellowish- 
white  oonflomer- 
ato9,  sandstones, 
and  sandy  clays. 


In  southwestern 
Wroming,  gray, 
yellow,  and  niack 
carbonaceous 
shales  and  clays 
intorbedded  with 
sandstones  con- 
taining some  coal. 


White,  yeUow.  and 
brown  caroona- 
ceous  shales  and 
sandstones  in 
southwestern  Wy- 
oming. 


Gray  and  black 
8andy  shales  and 
sandstones  In 
southwestern  Wy- 
oming. Weathers 
readily  and  af- 
fords a  region  of 
low  relief. 


Gray.  buff,  and 
yellow  shales  and 
sandstones,  with 
coal  beds.  The 
shales  and  sand- 
stones are  soft  and 
sandy  and  do  not 
form  pronounced 
ridges.  Rocks  are 
of  Ronton  age. 


Gray  and  black 
shales,  shalv  sand- 
stones, ana  beds 
of  compact  gray 
sandstone,  con- 
taining fish  scales 
of  Benton  age. 


Black  shale,  shaly 
sandstone,  and 
shaly  limestone 
with  abundant  in- 
vertebrate fossils. 


Remarks. 


No    particuli 
value. 


Occurs  east 
Snake  River. 


Occurs  east 
Snake     Rive 
Thickness  n 
measured.  Pro 
able    source 
water  supply. 


May  be  preset 
along  Snake  Ri 
er.  Coal  beart 
in  southweste 
Wyoming. 


Not  recognlied 
this  field.  Ml 
bo  present  I 
neatn  lava  cove 
Coal  bearing 
southwestei 
Wyoming. 


Not  recognised 
this  field.     Ml 
be    present    t 
neatn  lava  cov( 


Coal-bearii 
throughout  we: 
em  Wyomii 
and  in  easte: 
Idaho. 


Oil  bearing 
southweste 
Wyoming.  N 
measured  nor 
andw«stofSna: 
River. 


Coal  bearing 
southweste: 
Wyoming  ai 
eastern  Idali 
Coal  beds  are  t 
thin  and  Impu 
to  be  of  value. 
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Generalized  section  of  sedimentary  formations  in  southeastern  Idaho  and  western  Wyoming, 

in  the  area  covered  by  this  report — Continued. 


1 

System.               Series. 

1 

Group  and 
formation. 

Thickness. 

Character  of  strata. 

ni»ckwlth  forma- 
tion. 

Twin  ('reck  lime- 
stone. 

Feet, 
90(M,Q00 

White,  gray,  yellow, 
brown,  and  red- 
dish-yellow shales 
and     sandstones, 
with  Bome  lime- 
stones^redorgray 
conglomerates,and 
quartsite,  contain- 
ing Jurassic  lossiLs. 

Present  through- 
out western  Wy- 
oming and  east- 
em  Idaho.  Not 
measured  north 
of  Snake  River. 

Jurassic. 

i)00-l,200 

Chiefly  black,  gray, 
and     bluish-gray 
shaly  limestones, 
the  whole  contain- 
ing numerous  Ju- 
rassic fossils. 

Present  through- 
out western  Wy- 
oming and  east- 
cm  Idaho.  En- 
tire section  not 
measured  north 
of  Snake  River. 

Nugget  sandstone 

500-1,000 

Yellow,  white,  and 
red  quarsitio  sand- 
stones. 

Prominent  ridee 
maker  through- 
out region. 

(T) 

Ankareh  shale. 

-Unconformity 

• 

Ttaaynos  11  m  o  - 
stone. 

200^500 

jleddish-brown  shale 
'and  shaly  eand- 
stone,  with  inter- 
calated    mottled 
limestone. 

Has  been  pros- 
pected for  copper 
m  part  of  this  re- 
gion. 

Triaasic. 

Lower  Triasslc. 

700-1,000 

Yellow,  gray,  and 
blue  cherty  lime- 
stones, w^itn  some 
yeUow  sandstones. 
Bluish-gray  lime- 
stones, very  fossil- 
iferous.  Thin  and 
thick  bedded 
platy  limestones. 

Present  through- 
out region. 

Woodside  forma- 
tion. 

Phosphoria    for- 
mation. 

800-1,000 
75-400 

J3L«d  and  pastv 
brown  shaly  sand- 
stones and  shales, 
intercalated  with 
muddy  limestone 
lentUs. 

Present  through- 
out western  Wy- 
oming and  east- 
em  Idaho. 

Permian. 

Rex  chert  member 
and  cherty  lime- 
stones at  top,  over 
yellow  to  urown 
sandstones,  brown 
to   black    shales, 
oolitic  limestone, 
and      phosphate 
rock. 

Prospected  Ibr  oofll 
at  many  places 
in  western  Wy- 
oming and  east- 
em  Idaho. 

Carboniferous. 

PemisyLvaziian 

Wells  formation. 

:JOO-1,000 

Sandy    limestones, 
calcareous    sand- 
stones, and  varia- 
ble qnartdtes    In- 
cludes the  Weber 
(]uart7ite  and  Ten- 
sleep  sandstone  as 
mapped  in  south- 
ern    Idaho    and 
western  Wyomims. 

This  formation  is 
present  in  west- 
em  Wyoming 
and  eastern  Ida- 
ho, and  has  been 
mapped  under 
various  names 
whose  limits  are 
not  the  same. 
It  probably  In- 
cludes both  the 
Amsden    and 

Morgan  forma- 
tions OS  mapped 
in  some  localities. 

STRATIGRAPHY. 
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in  the  area  covered  by  this  report — Continued. 


1 

Series. 

Ciroup  and 
formation. 

Thickness. 

Character  and  strata. 

Remarks. 

r  jTboniferous . 

1 

kffissi^'aFi  ppian. 

Brazer  limestone. 

Feet. 
200-1,000 

Gray  to  blue,  thick- 
bedded  lime- 
stones, aom6  vari- 
e gated  reddish- 
gray  shales,  and 
calcareous    sand- 
stone. 

Present    through- 
out western  wy 
omiuK  and  east- 
em   Idaho      In 
some    localities 
this  series  of  beds 
has  been  mapped 
as  parts  of  A  ma- 
den  and  Morgan 
formations. 

• 

Mmlison  lime- 
stone. 

1.000 

Dark  gray  to  bluish 
limestones,    thin- 
bedded  in  part  but 
also  massive. 

Abimdant  marine 
fossils  at   many 
horixons. 

DcTcnim. 

1 

1 

1 

1 

Threeforks     for- 
mation    and 
Jcflferson  lime- 
stone. 

— Unflonformitv  _ 

330 

Black,    gray,    and 
brown  shales,dark 
limestones,   and 
thio-bedded 
sandstones. 

Upper  200  feet  dark 
shale  and  thin- 
bedded  lime- 
stone,  probably 
represents    the 
Threeforks     for- 
mation.    Lower 
150  feet  of  ma»> 
sive    crystalline 
limestone    prob- 
ably   repreeentfl 
the  Jeuerson 
limestone. 

• 
1 

1 

50 

Whitish-gray  dolo- 
mite, t  lin  bedded 
and  brittle.  Frag- 
mentary fossils. 

In  places  appears 
to  be  absent. 

1 

TJpper     Ordo- 
•  ri-r.iciaii.                 virffan. 

Bighorn  dolomite. 

3.50 

Gray  to  cream-col- 
ored dolomite  with 
rough  pitted  sur- 
faces. 

Makes  pronounced 
ridges  and  nearly 
perpendic  u  1  a  r 
ledges. 

Cjimtjnaii. 

Upper     Cam- 
Srian* 

1 

■ 

Gallatin  lime- 
stone. 

200 

Gray    oolitic    and 
congomeratic 
limestones     with 
some  shale.  Lime- 
stones not  as  mas- 
sive OS  overlying 
bed.    Contain  few 
fossils. 

* 

1 
1 

1 

Gros  Ventre  for- 
mation. 

soo 

Gray,  brown,  red, 
ana  green  shales 
and    thin-bedded 
limestones. 

Weather  readily 
and  usually  form 
low  relief. 

1 

1 

.   Middle    Cam- 

1                 ,    . 

Flathead  qnartz- 
ite. 

-Uijoonformitv  — — 

250 

Buff     or     pinkish 
sandstone  and 
ouartzite    with 
some    conglomer- 
ate. 

L. 

Schists,  granites, 
gneisses,  and  igne- 
ous rocks  cut  by 
dikes   of  jpegma- 
tite  and  mabase. 
Some  of  the  schis- 
tose and  gneissic 
rock  may  nave  a 
sedimontary    ori- 
gin. 

Prospected  for  cop- 
per, silver,  lead, 
and  gold. 
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PRE'CAMBRIAN  TO  CARBONIFEROUS  (PENNSYLVANI AN  SERIES,  INCLUSIVE:). 

GENERAL   FEATURES. 

In  the  extreme  northeastern  part  of  the  area  shown  on  the  accom- 
panying map  Ue  the  Teton  Mountams.  This  range  trends  nearly 
north  along  the  Idaho-Wyoming  State  line,  lying  chiefly  in  western 
Wyoming.  It  consists  of  a  gentle  westward-dipping  monocline, 
crossed  in  the  north  by  a  low  anticline  that  trends  northwest  and  in 
the  south  by  a  low  anticline  that  trends  nearly  due  west  and  in  its 
westward  extension  swings  toward  the  northwest,  nearly  parallel  to 
the  Bighole  Mountains.  The  strata  in  several  places  are  broken  by 
normal  faults  parallel  to  the  monocUne.  Along  the  crest  of  the 
Teton  monocline  and  also  along  the  axis  of  the  northern  transverse 
anticline  the  pre-Cambrian  granite,  gneiss,  and  schistose  rocks  are 
exposed.  Against  these  older  rocks  on  the  southwest  flank  of  the 
range  rests  a  comprehensive  sequence  of  Paleozoic  strata,  ranging  in 
age  from  Cambrian  to  Carboniferous.  The  same  rocks  reappear  on 
the  northeast  side  of  the  transverse  anticline.  All  the  beds  along 
this  range,  from  pre-Cambrian  to  Carboniferous,  were  mapped  and 
studied  and  detailed  sections  were  measured  by  EUot  Blackwelder  in 
1912,  while  making  a  study  of  the  Grand  Teton  quadrangle,  but  no 
report  has  yet  been  pubUshed. 

In  the  course  of  this  reconnaissance  examination  it  has  been 
found  advisable  for  the  small-scale  map  to  group  all  the  beds  older 
than  the  Phosphoria  formation,  including  the  pre-Cambrian,  Cam- 
brian, Ordovician,  Silurian,  Devonian,  Mississippian,  and  Pennsyl- 
vanian,  into  one  map  imit,  and  the  Phosphoria  formation  and  the 
pre-Quatemary  beds  yoimger  than  that  formation,  which  range  in 
age  from  Permian  (late  Carboniferous)  to  Tertiary,  inclusive,  into 
another  map  unit. 

In  the  greater  part  of  the  region  examined  the  area  occupied  by 
outcrops  of  the  Permian,  Triassic,  and  Jurassic  formations  practi- 
cally represents  the  lands  that  were  regarded  in  the  field  as  contain- 
ing phosphate  deposits  in  large  enough  quantities  and  near  enough 
to  the  surface  to  be  eventually  suitable  for  economic  development. 
Some  of  the  beds  overlying  the  phosphate  deposits  tend  to  become 
thinner  toward  the  north,  in  eastern  Idaho  and  western  Wyoming, 
and  in  this  part  of  the  region  the  area  that  contains  phosphate 
deposits  within  workable  depth  susceptible  of  economic  develop- 
ment is  probably  represented  by  the  outcrop  of  the  beds  from  the 
Phosphoria  formation  up  to  the  Beckwith  formation,  including  the 
Twin  Creek  limestone  and  a  considerable  portion  of  the  Beckwith. 

The  general  distribution  of  the  rocks  older  than  the  Phosphoria 
formation  is  shown  on  the  accompanying  map  by  one  pattern,  with- 
out any  attempt  to  indicate  the  distribution  of  the  several  fonna- 
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tions,  and  the  distribution  of  the  Phosphoria  formation  and  younger 
pr&^i^atemary  beds  is  shown  by  the  absence  of  a  geologic  pattern. 
Detailed  exiaixiinations  are  needed  to  work  out  the  distribution  and 
thickness   of   the  Phosphoria  formation,  which  contains  the  phos- 
phate beds,    and  the  Frontier  and  Bear  River  formations,  which 
contain  the  coal  beds.    The  Quaternary  deposits,  exclusive  of  the 
gladal  material,  which  is  not  mapped,  are  shown  by  a  different 
p&ttem  on  the  map. 

PRE-CAMBRIAN   ROCKS. 

The  oldest  rocks  that  underUe  the  Paleozoic  sedimentary  series  in 
this  regioii  consist  of  pre-Cambrian  crystalline  gneisses,  granite,  and 
schists  of  various  kinds.    This  basal  complex  is  composed  largely  of 
igneous  rock,  although  some  of  the  schistose  and  gneissic  rocks  may 
hare  had  a  sedimentary  origin.    The  gneisses  are  in  pai^t  coarsely 
crystalliney  and  the  entire  series  shows  the  effect  of  m^tamorphism 
hf  pressure  and  is  in  places  intricately  folded  and  traversed  by  dikes 
of  pegmatite  and  diabase.     The  age  of  this  complex  has  heretofore 
bem  regarded  as  Archean,  but  the  reasons  for  this  assignment  are 
not  entirely  satisfactory.     Rocks  of  Algonkian  age  are  represented 
m  many  parts  of  the  Rocky  Mountain  province  and  may  in  part 
be  represented  in  the  intensely  mashed  and  metamorphosed  compo- 
nents of  this  basal  complex.     For  the  present,  therefore,  or  imtil 
much  more  detailed  work  has  been  done,  it  seems  advisable  not  to 
separate  the  rocks  composing  this  basal  complex,  but  to  refer  the 
entire  series  as  a  imit  to  the  pre-Cambrian.    Exposures  of  these  older 
locks  occur  in  the  northeastern  part  of  the  area  here  described  and 
form  the  central  and  eastern  parts  of  the  Teton  Mountains.    More 
detailed  studies  will  no  doubt  determine  the  age  of  these  rocks  and 
definitely  assign  them  either  to  the  Algonkian  or  Archean  or  to  both. 

CABiBRIAN   SYSTEM. 

Upon  the  basement  complex  of  the  Teton  and  associated  ranges 
was  deposited  unconformably  in  Paleozoic  time  a  great  thickness 
of  sandstone^  limestone,  and  shale.  These  strata  include  the  Cam- 
brian, the  lowest  known  sedimentary  beds  exposed,  Ordovician, 
Simian,  Devonian,  and  Carboniferous.  The  basal  beds  of  the 
Paleozoic  sedimentary  series  were  formed  from  the  detrital  material 
derived  from  the  disintegration  of  the  schist  and  gneiss  that  formed 
the  old  continental  land  mass.  Some  of  the  members  of  these 
sediments  consist  of  soft,  poorly  cemented,  imperfectly  stratified 
matmal,  composed  of  coarse  vein  quartz,  feldspar,  fijie  conglomerate, 
and  fragments  of  the  underlying  crystalline  rocks. 

62766^ — ^IS— BuU.  680 2 
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FLATHEAD  QUARTZITE. 

In  the  Teton  r^ion  and  elsewhere  in  Wyoming  the  Flathead 
quartzite  is  the  lowest  of  the  Cambrian  formations  and  consists 
essentially  of  pale-brown  to  reddish  sandstone  and  quartzite.  varying 
considerably  in  character  both  horizontally  and  vertically.  In 
places  the  beds  are  streaked  and  spotted  with  a  dark-onaroon  color, 
due  to  the  presence  of  ferric  oxide.  In  many  places  the  beds  are 
firmly  cemented  and  constitute  a  typical  quartzite,  which  forms 
pronounced  ridges  and  gives  rise  to  reddish-tinged  outcrops  that  are 
very  conspicuous  and  readily  distinguished  from  the  overlying  beds. 
Near  the  top  of  the  formation  the  sandstones  become  more  or  less 
ai^illaceous  and  are  interbedded  with  gray  or  greenish  shales  that, 
as  a  rule,  are  less  well  exposed  than  the  imderlying  massive  sandstone 
or  quartzite.  The  Flathead  quartzite  in  this  area  is  approximately 
250  feet  thick  and  is  of  Middle  Cambrian  age.  Exposures  of  similar 
beds  have  been  observed  by  the  writer  in  western  Wyoming,  in  the 
Teton,  Gros  Ventre,  and  Wind  River  mountains,  in  the  Hailey  anti- 
cline, in  Sweetwater  Valley,  in  the  Green  Mountains,  and  in  the 
Rawlins  donte,  and  in  northern  Utah  on  the  north  flank  of  the 
Uinta  Mountains. 

OROS   VENTRE   FORMATION. 

Conformably  overlying  the  Flathead  quartzite  and  grading  down 
into  the  green-brown  shales  at  the  top  of  that  formation  is  the 
Gros  Ventre  formation.  This  formation  is  approximately  800  feet 
thick  and  comprises  green  and  brown  clay  shales,  gray  calcareous 
shales,  thin  beds  of  gray  limestone,  and  flat-pebble  limestone  con- 
glomerate. Grood  exposures  of  these  beds  are  rare,  because  the 
soft  shale  erodes  readily  and  the  beds  are  generally  concealed  by 
soil  and  vegetation.  However,  excellent  exposures  may  be  observed 
in  some  of  the  deeper  valleys  or  steep  slopes  where  erosion  is  actively 
going  on  at  the  present  time.  The  name  Gros  Ventre  formation  as 
here  used  was  first  proposed  by  Blackwelder,  in  1912,  in  connection 
with  the  preparation  of  a  report,  not  yet  published,  on  the  stratigraphy 
of  the  Wind  River  Moimtains,  in  Wyoming.  The  name  was  chosen 
by  Blackwelder  from  exposiu*es  of  the  beds  in  the  eastern  part  of  the 
Gros  Ventre  Range,  at  the  head  of  Gros  Ventre  River.  The  same 
formation  was  traced  by  him  into  the  Teton  Mountains,  which  lie 
in  the  eastern  part  of  the  area  treated  in  this  report.  The  formation 
as  described  by  Blackwelder  has  been  identified  by  the  writer  in  the 
Teton,  Gros  Ventre,  and  Wind  River  mountains  of  Wyoming,  and  he 
has  observed  beds  of  similar  lithology  and  stratigraphic  position  in 
the  Green  Moimtains,  in  Sweetwater  Valley,  in  the  Hailey  anticline 
southeast  of  Lander,  Wyo.,  and  in  northern  Utah,  on  the  north  flank 
of  the  Uinta  Mountains.     In  all  these  localities  the  beds  overlie  a 
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red  quartzite  f onnation.    The  Oros  Ventre  fonnatioii  is  believed  to 
be  of  Middle  Cambrian  age. 


GALLATIN  LIMESTONE. 


CJonformably  overlying  the  Gros  Ventre  formation  is  the  Gallatin 
limestone^  of  Upper  Cambrian  age.  This  formation  consists  of  lime- 
stone, shale,  and  sandstone,  the  limestone  greatly  predominating. 
The  lower  port  of  the  formation  is  composed  of  finely  crystaJline 
limestone  of  dark  yellowish-gray  color,  clouded  with  brown,  so  that 
it  has  on  weathering  a  brownish-yeUow  appearance.  Overlying  this 
limestone  are  thin  beds  of  gray  calcareous  sandstone,  shale,  and  lime- 
stone which  consist  more  and  more  of  relatively  thin-bedded  lime- 
stone near  the  top  of  the  formation.  The  uppermost  beds  contain 
little  or  no  shale  and  are  more  or  less  siliceous.  As  a  whole  the  for- 
mation, which  is  approximately  200  feet  thick,  is  primarily  one  of 
limestone  in  i^hich  the  rocks  are  more  or  less  siliceous  and  contain 
thin  beds  or  nodules  of  chert. 

Outcrops  of  deposits  of  similar  lithology  and  stratigraphic  position 
have  been  observed  by  the  writer  at  many  places  in  Wyoming — ^in 
the  Teton,  Gros  Ventre,  Wind  River,  and  Green  mountains,  in 
Sweetwater  Valley,  in  the  Hailey  anticline  southeast  of  Lander,  and 
m  Labarge  Kidge,  40  miles  northeast  of  Kemmerer — and  also  extend 
northward  into  Idaho  and  Montana  and  eastward  into  the  Big  Horn 
Mountains. 

ORDOVICIAN  SYSTEM. 


BIGHORN   DOLOMITE. 


Unconformably  overlying  the  Cambrian  sediments  is  the  Bighorn 
dolomite,  of  Ordovician  age.  Exposures  of  this  formation  are  seen 
in  the  Teton  Moxmtains  and  at  several  places  in  the  Snake  River 
Range  and  in  the  Bighole  Mountains  in  eastern  Idaho.  The  dis^ 
tribution  of  the  formation  was  not  determined,  and  only  a  preliminary 
examination  was  made.  The  formation  consists  chiefly  of  massive 
dolomite  of  a  cream  to  light-bujQf  color,  somewhat  darker  when 
weathered,  but  on  freshly  broken  surfaces  appearing  mottled  with 
daik-gray  cloudy  patterns.  In  places  the  beds  contain  a  little  chert 
in  irregular  horizontal  lenses  and  masses.  This  siliceous  material  on 
weathering  forms  on  the  surface  a  ragged  network,  which  is  character- 
istic of  the  formation.  In  part  this  deeply  pitted  surface  may  be 
due  to  the  difference  in  porosity  of  the  rock  and  the  manner  in  which 
some  of  the  particles  are  cemented.  In  this  area  the  formation  is 
approximately  350  feet  thick,  but  apparently  it  thins  toward  the 

soatheast. 

ElxpoBures  of  the  Bighorn  dolomite  have  been  observed  by  the 
writer  in  the  Snake  River  and  Bighole  mountains  in  Idaho  and  in 
the  Teton,  Salt  River,  Gros  Ventre,  Wind  River,  and  Green  moun- 
tains and  in  the  Hailey  dome  southeast  of  Lander,  in  Wyoming. 
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SILURIAN  SYSTEM. 

Unconformably  overlying  the  Bighorn  dolomite  along  the  west 
flank  of  the  Teton  Mountains  is  a  thin-bedded  dense,  brittle  white  , 
slabby   dolomite   which  is  both   distinctive   and   persistent.    The 
individual  beds  range  in  thickness  from  1  to  12  inches  and  show 
remarkable  wavy  stratification  lines.     On  weathering  some  of  this  ] 
dolomite  becomes  as  smooth  as  porcelain  and  shows  on  the  surface  ; 
numerous  shallow  depressions  in  rectangular  pattern.    Eliot  Black- 
welder,  who  has  recently  studied  the  Paleozoic  formations  along  the 
west  flank  of  the  Teton  Moimtains  and  determined  their  areal  dis- 
tribution, informs  the  writer  that  on  Leigh  Creek,  on  the  west  slope 
of  the  Teton  Range,  where  he  studied  detailed  sections  of  these  beds, 
they  aggregate  about  50  feet  in  thickness,  and  are  limited  both  above 
and  below  by  imconformities.     He  has  observed  similar  conditions 
at  several  places  in  the  Wind  River  Mountains. 

DEVONIAN  SYSTEM. 
THREEFORK8   FORMATION   AND  JEFFERSON   LIMESTONE. 

Above  the  thin-bedded  white  dolomite  of  Silurian  age  and  below 
the  massive  cliff-making  ledges  of  the  early  Carboniferous  (Missis- 
sippian)  Madison  limestone  occurs  a  much  less  resistant  group  of 
black,  green-gray,  and  brown  shales  interbedded  with  dark  fetid  , 
sandstones  and  limestones,  which  in  the  Teton  Mountains  are  approxi- 
mately 350  feet  thick.  No  measurement  of  their  thickness  was 
made  in  the  Bighole  Mountains,  but  it  is  believed  that  in  this  general 
region  they  range  in  thickness  from  350  to  400  feet.  The  lower  100 
to  150  feet  of  beds  are  barren  of  fossils  and  consist  of  relatively  mas- 
sive crystalline  limestone,  darker  than  the  overlying  rocks.  The 
upper  part  of  the  series  contains  more  shale  and  thin-bedded  lime- 
stone, which  as  a  rule  are  much  lighter  in  color  and  in  which  fossib 
are  frequently  found,  but  the  fossils  are  not  conclusive  enough  to 
determine  whether  the  beds  belong  to  the  Upper,  Middle  or  Low^er 
Devonian.  The  lithologic  character  of  these  beds,  however,  and 
their  position  in  the  stratigraphic  section  indicate  that  they  closely 
resemble  the  Jefferson  and  Threeforks  formations  of  the  Yellow- 
stone National  Park.^  Although  the  beds  in  this  area  have  not  been 
separated  into  two  formations,  it  is  highly  probable  that  the  lower 
dark  crystalline  limestone  or  shale  that  gives  the  strong  fetid  odor 
represents  the  Jefferson  limestone  and  the  overlying  200  feet  of  strata 
represents  the  Threeforks  formation  of  the  Park  region. 

Exposures  of  similar  rocks  were  observed  by  the  writer  in  1906,  : 
while  making  a  study  of  the  coal  beds  in  the  vicinity  of  Labarge 

1  U.  S.  Oeol.  Survey  Oeol.  Atlas,  Yellowstone  National  Park  folio  (No.  30),  1806;  Geology  of  the  Yelloir* 
stone  Natiomal  Park:  U.  8.  Qeol.  Survey  Hon.  82,  pt.  2, 1800. 
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Ridge,  in  T.  26  N.,  R.  113  W.  sixth  principal  meridian,  Wyo.,  about 
40  miles  northeast  of  Kemmerer.  In  1907  E.  M.  Kindle  measured  a 
section  across  the  beds  near  the  south  end  of  Labarge  Ridge  and 
{omid  that  the  Devonian  in  this  locality  is  at  least  1,080  feet  thick. 
Regarding  these  "beds,  Kindle  makes  the  following  statement:  ^ 

In  this  section  tlie  gray  and  black  limestone  ib  preceded  by  beds  holding  a  Cam- 
bam  bona  and  f ollc^ed  by  a  limestone  holding  the  usual  Madison  limestone  fauna. 
The  80-foot  shale  formation  at  the  top  of  the  magnesian  limestone  appears  to  occupy 
tiie  pQsdon  of  the  1*liTeeforkB  shale,  but  it  is  barren  of  fossils.  Composition,  texture, 
Dttner  of  weaXh-erLng^  and  relationship  to  the  other  parts  of  the  section  all  indicate 
the  "*y*"<^'!  limestone  to  be  the  same  as  the  Jefferson  limestone  of  the  Montana 
nctiooB. 

CARBONIFEROUS   SYSTEM. 


IfADISON  UME8TONB   (LOWER  MISSISSIPFIAN). 

The  basal  Carboniferous  rocks  are  dark  bluish-gray,  relatively 
thin-bedded  cliff-making  limestones,  in  places  consisting  of  massive 
piy-bhie  limestones  with  numerous  beds  of  dolomite  and  a  few  thin 
beds  of  shale.  The  entire  series  is  approximately  1,000  feet  thick. 
The  fauna  collected  from  these  marine  beds  at  many  horizons  include 
nmiy  cup  corals,  Syringapara,  Loxonenui,  ProdudeHa,  Spmfer  cen- 
ftmstu,  CJianetes,  Euomphalus,  etc.,  and  according  to  G.  H.  Girty 
oonesponds  to  the  fauna  of  the  basal  portion  of  the  ''Wasatch  lime- 
stone," of  the  Wasatch  Mountains  of  Utah,  as  described  by  earlier 
writers. 

BRAZES  LIME8TONX   (UFPES  MISSIBSIPPIAN). 

Above  the  Madison  limestone,  apparently  in  conformable  succes- 
Bon,  occurs  a  series  of  massive  light  to  dark  gray  limestones,  weatl^- 
sing  white  to  light  gray,  which  represent  the  Brazer  limestone  of 
oortihem  Utah  and  southeastern  Idaho.  The  total  series  of  beds  at 
ttesoath  end  of  the  area  examined  in  this  reconnaissance  survey  are 
ipproxiniately  1,000  feet  thick,  but  in  the  northeastern  part,  in  the 
Teton  Mountains,  they  are  only  about  200  feet  thick.  Locally  there 
is  near  the  top  a  zone  of  dark  shale  about  15  feet  thick.  In  places 
ibo  the  beds  contain  chert  nodules  in  concentric  and  irregular  forms 
md  streaks  of  chert.  The  limestones  are  here  and  there  specked 
vitb  siderite  and  seamed  with  calcite  or  aragonite  and  at  some  hori- 
na  are  abundantly  fossiliferous.  The  faima  includes  large  cup 
CQtib  with  many  fine  septa,  Syringopora,  LHhosirotion,  Martinia, 
and  Productus  giffarUeus. 

>  U.  8.  QeoL  Sonrey  Boll.  543,  p.  37, 1914. 
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PXHVSYLVAinAV  8XBIZ8. 

WELLS  FOBMATION. 

The  Brazer  limestone  is  succeeded  by  a  series  of  sandy  limestones, 
calcareous  sandstones,  and  quartzites  of  somewhat  variable  char- 
acter, which  represent  the  Wells  formation  of  southeastern  Idaho. 
At  the  type  locality  in  Wells  Canyon,  in  T.  10  S.,  R.  45  E.,  the 
formation  consists  of  three  portions  having  a  total  thickness  of 
about  2,400  feet.  Toward  the  north  the  thickness  greatly  decreases 
and  a  change  in  the  Uthology  can  be  observed.  The  total  series  of 
beds  at  the  south  end  of  the  area  examined  in  the  reconnaissance 
survey  is  approximately  1,000  feet  thick;  at  the  north  end  of  the 
area  they  are  only  about  300  feet  thick. 

In  the  type  locality  *  the  upper  and  lower  portions  of  the  Wells 
formation  are  predominantly  calcareous.  The  middle  is  mainly 
sandy.  The  upper  limestone,  75  feet  thick,  consists  of  dense  gray 
siliceous,  limestone  or  calcareous  sandstone  which  weathers  into  white 
massive  beds  that  are  topographically  conspicuous  as  clifF  makers. 
Bluish-white  chert  occurs  in  bands  2  inches  to  1  foot  thick  and 
locally  in  ovoid  nodules.  Toward  the  base  the  chert  becomes  more 
nodular  and  darker.  Silicified  fragments  of  brachiopods  project  in 
little  crescents  from  the  weathered  surface  of  the  limestone.  The 
most  abimdant  fossils  are  Squamularia  and  a  large  Produdus.  The 
middle  portion  comprises  1,700  to  1,800  feet  of  calcareous  sandstone 
and  quartzite,  with  a  few  thin  beds  of  limestone,  weathering  white, 
red,  or  yellow  and  forming  smooth  slopes  with  few  projecting  ledges. 
No  fossils  have  been  found  in  this  member.  The  lower  portion  is 
from  100  to  800  feet  thick.  The  rocks  are  cherty  limestones  and 
ii^terbedded  sandstones  and  form  prominent  cliffs.  They  weather 
gray  or  reddish.  The  base  of  the  formation  is  marked  by  a  Schizo^ 
phoria  zone,  containing  also  Marginifera,  ComposiUif  Spirifer  rocky^ 
montanus,  Bryozoa,  etc. 

LATE  CARBONIFEROUS  {PERMIAN  SERIES)  TO  RECENT. 

FORMATIONS   INCLUDED. 

For  convenience  in  mapping  and  because  of  lack  of  information 
in  many  parts  of  the  area  all  the  beds  overlying  the  Wells  formation 
and  imderlying  the  Quaternary  deposits  in  this  area  have  been 
grouped  together.  These  rocks,  which  correspond  to  the  Laramie 
and  in  part  to  the  Jura-Trias  of  the  Hayden  Survey  reports  on  this 
area,  comprise  the  Phosphoria  formation  (Permian),  the  Woodside 
formation,  Thaynes  limestone,  and  Ankareh  shale  (all  Triassic),  the 
Nugget  sandstone.  Twin  Creek  limestone,  and  Beckwith  formation 

.  >  Richards,  R.  W.,  and  Maii8fleld»  O.  R.,  The  Bannock  overthrnst:  Jour.  Oeology,  vol.  20,  pp.  681-700, 
1912. 
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(allJurassic),  tlie  Bear  River  and  Aspen  formations  and  the  overljdng 
coal-bearing  saxidstones  and  shales  of  the  Frontier  formation  (all 
Upper  Cretaceous) ,  and  the  imconf ormably  overlying  imdifferentiated 
Tertiary  deposits.  As  most  of  these  formations  occur  at  a  consider- 
able distance  stratigraphically  above  the  phosphate  horizon  very  little 
study  was  made  of  thoir  distribution. 

CARBONIFEROUS    SYSTEM. 


PHOSPHORIA  FORMATION. 


The  Phosplaoria  formation,  of  Permian  age,  overUes  the  Wells 
fonnation  conformably,  so  far  as  observed  in  the  course  of  this  and 
earlier  examinations.  Its  stratigraphic  relation  to  the  overlying  and 
underlying  formations  in  the  Snake  River  Range  is  shown  in  the 
traverse  sections  along  Pine,  Rainy,  and  Indian  creeks  (figs.  2,  3,  and 
51  The  Pliosplaoria  formation  carries  the  economically  valuable 
deposits  of  pliosphate  of  this  and  the  surroimding  region,  and  in 
this  area  the  entire  formation  ranges  in  thickness  from  75  to  400  feet. 

In  the  Preuss  Range  of  Idaho,  southwest  of  the  area  covered  by 
this  reconnaissance,  the  formation  has  been  examined  in  detail  and 
found  to  consist  of  two  parts.  The  upper  part  is  mainly  chert 
and  cherty  limestone,  and  has  been  called  the  Rex  chert  member. 
This  member  ranges  from  a  maximimi  thickness  of  about  450  feet 
to  a  feather-edge  but  usually  is  from  50  to  200  feet  thick.  The  basal 
portion  of  the  formation  consists  of  75  to  630  feet  of  alternating 
brownish  shales,  brownish  sandstone,  compact  fetid  limestones, 
usually  lenticular,  with  one,  two,  or  three  zones  bearing  high-grade 
oolitic  phosphate  rock  which  contains  70  per  cent  or  more  of  tri- 
cairinm  phosphate  and  occurs  in  beds  from  1  to  7  feet  thick. 

Within  the  area  examined  the  natural  exposures  are  for  the  most 
part  not  good  enough  to  afford  detailed  sections.  In  all  the  districts 
where  the  outcrop  is  indicated  on  the  map  the  formation  was  noted 
as  conaposed.  of  ledge-making  cherts  at  the  top  (Rex  chert  member) 
and  softer  rocks — shales  and  sandstones,  with  phosphate  rock — at 
the  base.  The  upper  portion  locally,  as  on  Pritchard  Creek  south 
of  Snake  River^  near  the  north  end  of  the  Caribou  Moim tains,  includes 
A  thin  bed  of  high-grade  rock  phosphate.  At  a  few  localities,  as  on 
Snake  River  and  at  the  south  end  of  the  Blackfoot  Range,  a  thin  bed 
of  phosphate  Mras  found  overlying  the  Rex  chert,  but  in  no  place  is 
this  bed  knovni  to  be  of  commercial  value.  It  is  thought  that  careful 
measurements  may  show  that  the  upper  chert  portion  of  the  formation 
(Rex  chert  member)  occupies  a  relatively  greater  part  of  the  entire 
section  in  this  area  than  it  does  farther  south,  but  that  the  entire 
series  thins  toward  the  north.     The  areal  distribution  of  this  forma- 
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tion,  SO  far  as  known,  is  practically  represented  by  the  line  indicating 
phosphate  outcrop  on  Plate  I.  Most  of  the  area  shown  on  the  map 
without  a  geol<^c  pattern  is  underlain  by  phosphate  deposits,  but 
more  detailed  work  ia  required  before  the  depth  and  attitude  of  the 
beds  in  that  area  can  be  determined. 

TRIA8SI0    8TSTEH. 

Triassic  rocks,  including  the  Woodside,  Thaynes,  and  Ankareh 
formations,  occur  throughout  western  Wyoming  and  eastern  Idaho. 
Exposures  of  these  rocks  have  been  examined  in  weetem  Wyoming 
along  the  Meridian  and  Absaroka  ranges,  on  Thompson  Plateau, 
and  in  the  Sublette,  Salt  River,  and  Wyoming  mountains.  In 
eastern  Idaho  they  have  been  studied  in  the  Bear  River,  Freuss, 
Blackfoot,  Caribou,  Snake  River,  and  Bighole  mountuns.  In  all  of 
this  area  these  beds  were  for  the  most  part  mapped  by  the  Haydea 
Survey  as  Jura-Trias  but  also  in  part  as  Carboniferous. 

WOODStDR  rORHATION. 

The  Woodside  formation  conformably  overiies  the  Permian  Phos- 
phoria  formation  and  is  composed  mainly  of  russet-brown  to  olive- 
green  calcareous  shales,  intercalated  with  muddy  limestone  lentils 
in  which  fossil  shells  are  so  closely  matted  that  their  specific  charac- 

u-ea  is  from 
a  become  a 
h  of  eastern 
.aynes  lime- 
d  zone  con- 
taining Meekoceraa  at  the  base  of  the  Thaynes. 

THATWK8  LIMBSTONB. 

The  Thaynes  limestone,  which  apparently  lies  conformably  upon 
the  Woodside  formation,  includes  both  thick-bedded  and  thin- 
bedded,  platy  limestone  and  has  a  total  thickness  of  700  to  1 ,000  feet. 
The  rock  has  a  bluish-gray  color  on  fresh  fracture  but  weathers  to 
light  brown  or  buff  and  generally  to  an  uneveii  sandy  surface.  The 
geologists  of  the  Hayden  Survey  noted  the  Medcocerat  zone  at  several 
places  in  the  southeastern  part  of  Idaho,  in  the  Preuss  and  Blackfoot 
mountuns,  and  mapped  it  in  the  Salt  River  Range  and  in  the  Wyo- 
ming Range  as  far  north  as  Virginia  Peak.  This  zone  was  not 
observed  north  of  Snake  River,  but  very  probably  detailed  work  will 
prove  that  it  occurs  in  the  Snake  River  and  Bighole  mountains. 
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ANKAREH  8HALB. 


A  red  series  ranging  in  thickness  from  200  to  500  feet  kad  com-  | 
posed  of  red  shale  and  intercalated  mottled  sandstone  imconform- 
ftbly  overlies  the  Thaynes  limestone  and  is  known  as  the  Ankareh 
shide.  This  formation  and  the  two  immediately  underlying  forma- 
tions were  origin  ally  described  by  Boutwell  from  observations  in  the 
Park  City  mining  district,  Utah.  The  similarity  of  the  beds  in  the 
Idaho-Wyoming  section  to  those  aroimd  Park  City  has  led  to  the  use 
of  tlie  same  formation  names  in  this  r^on.  Red  shales  which  are 
representative  of  the  Ankareh  shale  were  noted  in  the  canyons  of 
Pritchard  and  FaJl  creeks  in  the  Caribou  Mountains,  in  the  Salt  River 
tod  WToming  ranges  south  of  Snake  River,  and  along  the  east  side 
of  the  Snake  River  Range,  the  west  side  of  the  Bighole  Mountains, 
and  the  south-west  side  of  the  Teton  Mountains  north  of  Snake  River. 


JUBASSIC   SYSTEM. 
NUOOET   SANDSTONE. 


The  Nugget  sandstone  overlies  the  Ankareh  shale  conformably  and 
consists  of  massive  red  sandstone  with  white  conglomeratic  sand-  \ 
itooe  'm  places  at  the  base  and  top  of  the  formation.  Locally  the 
sandstone  is  silicified  to  a  quartzite.  Owing  to  its  massive  and  resist- 
mt  character  the  Nugget  sandstone  forms  high  ridges  with  broad 
lounded  slopes.  .  The  formation  thins  toward  the  north,  and  in  the 
north  end  of  the  Caribou  Range  south  of  Snake  River  is  approxi- 
mttdy  1 ,000  feet  thick.  The  thickness  of  the  Nugget  sandstone  was 
sot  measured  north  of  SnakQ  River  in  either  the  Bighole  or  the  Snake 
Kver  mountains,  but  the  formation  was  recognized  throughout  the 
irea  examined  in  1911  and  1912  along  Fall  Creek  and  Pritchard 
Creek,  in  the  Caribou  Range,  and  at  several  places  in  the  Snake 
Kiver,  Bighole,  Teton,  Wyoming,  and  Salt  River  ranges.  The 
formation  thins  toward  the  north,  and  its  thickness  is  bdieved  to 
raDge  from  1,000  feet  near  the  south  end  of  the  area  to  approxi- 
niately  500  feet  at  the  north  end. 

No  fossils  were  found  in  the  formation  in  this  area,  but  Jiu'assic 
fossib  were  obtained  by  Gale  from  corresponding  beds  in  north- 
western Colorado,  and  the  formation  is  therefore  now  classified  as 
Joraasic. 

TWIN  CREEK    LIMESTONB. 

The  Twin  Creek  limestone  overlies  the  Nugget  sandstone,  and,  so 
/ar  as  observed  in  the  course  of  this  examination,  is  conformable  to 
it.  The  beds  consist  principally  of  grayish-white  shaly  limestones  and 
ve  readily  recognized  wherever  they  are  exposed.  The  Twin  Creek 
becomes  thinner  toward  the  north  and  is  approximately  1 ,200  feet 
thick  on  Fall  Creek,  in  the  northern  part  of  the  Caribou  Range,  and 
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800  feet  at  the  north  end  of  the  area  examined.  The  beds  in  this 
formation  are  exposed  in  this  area  on  Bailey  Creek  and  Little  Greys 
River  in  Wyoming  and  in  the  Snake  River  and  Bighole  moimtains  in 
Idaho.  On  Rainy  Creek  in  the  Snake  River  Range,  450  feet  of  beds 
were  measured  below  the  Beckwith-Twin  Creek  contact  without 
seeing  the  base  of  the  formation.  In  some  areas  in  Idaho  and  Wyo- 
ming these  beds  were  for  the  most  part  mapped  by  the  geologists  of 
the  Hayden  Survey  as  a  portion  of  their  Laramie.  They  have  been 
traced  by  the  writer  from  the  southwest  comer  of  Wyoming  north- 
ward to  Snake  River  and  have  been  examined  at  many  places  in 
eastern  Idaho  south  of  Snake  River,  but  were  noted  north  of  Snake 
River  in  this  examination  only  on  Rainy  Creek  and  at  several  places 
between  the  Darby  and  Absaroka  faults,  and  on  the  northeast  flank 
of  the  Bighole  mountains  in  the  vicinity  of  Horseshoe  Creek.  Their 
occurrence  at  these  localities  clearly  indicates  that  the  Twin  Creek 
limestone  is  exposed  at  a  number  of  places  in  the  Snake  River  and 
Bighole  mountains.  The  fauna  includes  Pentacrinus  asteriscusj 
Camptonedes  pertenuistriaiiLS,  Trigonia  americana,  Astarte  nneeJci, 
Thrada  weedi,  Gryphaea  calceola,  Ostrea,  Pholadomya,  and  Pleuromya. 

BECKWITH  FOBMATION. 

The  Beckwith  formation  overlies  the  Twin  Creek  limestone  and 
is  extensively  exposed  in  the  northeastern  part  of  the  Bighole  Moun- 
tains and  in  the  area  east  of  the  main  crest  of  the  Snake  River  Range, 
or  between  the  Darby  and  Absaroka  faults.  The  exposures  of  these 
beds  and  their  relations  to  on6  another  are  indicated  in  the  sections 
along  Pine  and  Rainy  creeks  (figs.  2  and  3^,  pp.  42, 43).  Beds  of  Beck- 
with age  have  been  examined  and  mapped  by  the  writer  in  the  Salt 
River,  Snake  River,  and  Wyoming  mountains  in  western  Wyoming 
and  in  the  Snake  River,  Preuss,  Caribou,  and  Blackfoot  mountains  in 
eastern  Idaho.  In  all  these  localities  the  beds  were  mapped  by  the 
geologists  of  the  Hayden  Survey  as  part  of  their  Laramie  formation. 
The  Beckwith  formation  consists  of  reddish  or  chocolate-colored 
sandstone  and  shale,  associated  with  whitish  to  grayish  limestone  and 
red  conglomerates,  and  in  this  general  region  ranges  in  thickness  from 
900  to  4,000  feet.  The  upper  member  consists  of  calcareous  sand- 
stone, red  conglomerate,  and  massive  gray  limestone.  In  1906  the 
writer  collected  fossils  from  these  beds  on  Hoback  River,  on  Meridian 
Ridge,  and  at  numerous  other  localities  in  the  Hoback  Range  in 
western  Wyoming.* 

»  Schnltx,  A.  R.,  Oeology  and  geography  of  a  portion  of  Lincoln  County,  Wyo.:  U.  S.  Oeol.  Survey  Bull. 
543,  pp.  53-54,  1914.  Mansfleld,  O.  R.,  and  Koundy,  P.  V.,  Revision  of  the  Beckwith  and  Bear  River 
formations  of  southeastern  Idaho:  U.  S.  Oeol.  Survey  Prof.  Paper  98,  pp.  7o-84, 1916. 
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OBETAGEOUS   SYSTEM. 

tTPPBR  CBETACZOUS  SZBISS. 

BEAR  RIYER  FORMATIOy. 

Overlying  tlie   Beckwith  formation  occurs  a  series  of  beds  whose 

ibickness  in    tliis   area  was  not  determined  but  is  believed  to  be 

^pproxiinately  800  feet.    They  consist  of  gray  limestones,  calcareous 

8uidstoneB,  dark-colored  shales,  thin  and  impure  coal  beds,  brownish 

^  V^7  8axiLd3toney  and  Ught  calcareous  deposits.    The  beds  are 

very  widely  distributed  south  of  Snake  River,  north  of  the  old  Lander 

tniL,  and  east  of  WiUow  Creek,  lying  for  the  most  part  on  the  west 

flask  of  the  Caribou  Range  or  between  that  range  and  Willow  Creek. 

Beds  of  the  same  type  and  of  the  same  age  occur  in  Wyoming  between 

the  Salt  River  and  Wyoming  moimtains,  forming  part  of  the  crest  of 

the  Greys  Ridge   anticline.    Good  exposures  were  observed  along 

Snake  River  east  of  the  Salt  River  and  Snake  River  ranges  and  also 

east  ol  the  Wyoming  Mountains  near  the  mouth  of  Hoback  River. 

Smilar  beds  ivere  noted  at  many  places  along  the  strike  of  the  beds 

north  of  Snake  River,  in  the  area  between  the  Darby  and  Absaroka 

faults.    The  formation  is  coal  bearing  in  many  places,  but  the  coal 

beds  are  too  thin  and  impure  to  be  of  commercial  value,  although 

they  may  serve  locally  as  a  source  of  coal  for  domestic  use. 

The  beds  of  the  Bear  River  formation  throughout  most  of  the 
fidd  have  the  same  dip  and  strike  as  the  underlying  formations  and 
may  therefore  readily  pass  as  a  conformable  series.  It  is  known, 
however,  by  the  absence  of  the  Lower  Cretaceous,  that  an  uncon- 
formity of  considerable  magnitude  exists  between  the  Bear  River 
fonnation  and  the  underlying  Beckwith  formation. 

Hie  fauna  collected  from  the  Bear  River  formation  in  the  vicinity 
of  Snake  River  includes  Pyrgulifera  humerosa,  Oampeloma  macro^ 
sjitra,  Corbula  'pyriformis,  Corbicula  durJceei,  Unio,  Viviparua,  and 
Gcniabasis.  In  the  fall  of  1912  E.  G.  Woodruff  collected  a  small  lot 
of  Cretaceous  fossils  on  Pine  Creek  in  sec.  19,  T.  3  N.,  R.  45  E.,  in  the 
Bi^&ole  Momitains,  about  5  miles  southwest  of  Victor,  Idaho.  Among 
these  T.  W.  Stanton  identified  Corbula  pyriformis,  Corbicula  durheeh, 
Pyrgultfera  humeroaa,  and  Pa/ihiprrielania  sp.  In  1911  the  writer 
made  a  hurried  examination  of  similar  beds  in  the  Fall  Creek  basin, 
along  the  ^west  flank  of  the  Caribou  Moimtains,  Idaho,  at  a  locality 
2  miles  northeast  of  Herman  post  office,  northeast  of  Grays  Lake. 
About  a  quarter  of  a  mile  east  of  the  east  quarter  comer  of  sec.  25, 
T.  3  S.,  R.  43  E.,  a  few  fragmentary  fossils  were  collected  from  beds 
fithologically  resembling  the  Bear  River  formation  of  western  Wyo- 
mingr.  A  similar  fossil  bed  was  seen  where  Fall  Creek  enters  the  can- 
yon. It  is  more  than  likely  that  St.  John  and  Peale,  of  the  Hayden 
Survey,  mapped  these  beds,  together  with  a  part  of  the  Beckwith 
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and  Twin  Creek  formations,  as  Laramie  on  the  basis  of  similar  fresh- 
water fossils.  T.  W.  Stanton,  who  examined  the  fossils  collected 
in  T.  3  S.,  R.  43  E.,  reports  on  them  as  follows: 

I  have  examined  the  email  lot  of  fresh-water  fossils  which  you  recently  handed  me 
from  a  locality  northeast  of  Grays  Lake,  on  the  west  slope  of  the  Caribou  Range,  about 
2  miles  east  of  Herman,  Idaho.  It  has  not  been  found  practicable  to  develop  the 
fossils  by  etching  or  otherwise,  and  the  preservation  of  the  specimens  on  weathered 
surfaces  is  not  satisfactory.  Fragments  of  Unto  and  caste  of  Viviparus  or  Campeloma 
are  recognized,  and  Goniohasis  and  possibly  other  genera  of  fresh-water  gastropods 
may  be  represented.  In  my  opinion  this  faima  is  Cretaceous,  but  on  account  of  the 
absence  of  definitely  characteristic  forms  I  am  unable  to  determine  whether  it  belongs 
to  the  Bear  River  formation.  Similar  imperfect  fossils  have  been  collected  in  Montana 
in  rocks  that  are  provisionally  referred  to  the  Kootenai  formation.  Additional  good 
collections  and  accurate  stratigraphic  data  concerning  the  rocks  that  were  mapped 
as  Laramie  by  St.  John  in  this  general  region  are  greatly  desired. 

ASPEN  FORICATION. 

The  Aspen  formation  is  composed  of  black  shale,  dark-drab  to  gray 
sandy  shale,  and  gray  sandstone.  In  places  the  sandy  shale  weathers 
into  small  splintery  fragments  and  the  harder  sandstone  layers  pro- 
duce long  rounded  hills  of  peculiar  gray  color.  Outcrops  of  these 
beds  were  observed  along  the  Wyoming  Range  in  the  area  between 
the  Absaroka  and  Darby  faults  and  on  the  northeast  flank  of  the 
Bighole  Moimtains  in  the  vicinity  of  Horseshoe  and  Packsaddle 
creeks.  No  carefully  measured  section  of  these  beds  was  made  in 
any  of  these  localities,  but  the  total  thickness  approximates  1,000 
feet.  Beds  in  this  formation  yield  oil  in  southwestern  Wyoming,  and 
throughout  the  area  examined  in  a  previous  survey  contain  abundant 
fish  scales,  but  only  a  few  good  collections  of  fossils  were  obtained 
from  the  beds. 

FRONTIER   FORMATION. 

Conformably  overlying  the  Aspen  formation  occurs  a  series  of 
sandstone,  clay,  shale,  and  shaly  sandstone  beds  with  which  are 
associated  beds  of  carbonaceous  shale  and  of  coal,  the  entire  series 
approximately  3,000  feet  thick,  which  constitute  the  Frontier  forma* 
tion.  The  sandstone  is  grayish  white  and  yellow  and  occurs  both  in 
thick  massive  beds  and  in  thin  shaly  beds.  The  coal  beds  are  not 
continuously  exposed  for  any  great  distance,  nor  are  the  associated 
strata  sufficiently  characteristic  to  render  correlation  certain,  but 
it  is  known  that  this  formation  is  coal  bearing  throughout  the  region 
extending  from  southern  Wyoming  northward  to  the  north  end  of 
the  Bighole  Moimtains,  southeast  of  St.  Anthony,  Idaho.  Coal  beds 
and  other  strata  belonging  to  the  Frontier  formation  were  observed 
in  the  Wyoming  Range  at  the  mouth  of  Hoback  River  south  of  Jack- 
son, Wyo.;  in  the  Greys  River  area,  in  western  Wyoming  south  of 
Snake  River;  in  the  Snake  River  and  Bighole  mountains  north  of 
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Snake  River;  in  the  area  between  the  Absaroka  and  Darby  faults; 
and  on  the  northeast  side  of  the  Bighole  Mountains  in  the  vicinity 
of  Horseshoe  and  Packsaddle  creeks,  where  the  beds  are  exposed  on 
both  sides  of  the  overturned  fold  or  faulted  anticline.  The  fauna  of 
the  Frontier  formation  consists  of  Ostrea  glabra,  Cardium,  Madraj 
Afwmia^  Inoceramus,  Oordobams,  TurriteUa,  Barbatiay  CorbuUif  Oy^ 
Todes,  Pholadomya,  AvicuUi,  Ostrea,  and  Glaucoma. 

On  Packsaddle  Creek  in  the  SW.  J  sec.  24,  T.  5  N.,  R.  43  E.,  occurs 
an  outcrop  of  soft  gray  sandstone  which  dips  50°  S.  55°  W.  and  which 
has  been  quarried  for  the  purpose  of  building  a  dam  at  the  reservoir 
in  sees.  18  and  19,  T.  5  N.,  R.  44  E.  In  this  sandstone  the  writer 
found  fragments  and  several  complete  casts  of  Inoceramus  Ubiatvs, 
Inoceramus  erectus,  and  other  associated  fossils  of  the  Frontier  forma- 
tion which  indicate  that  these  beds  and  their  associated  coals  are  of 
Colorado  age. 

Woodruff  in  the  fall  of  1912,  while  examining  the  coals  in  this 
vicinity,  collected  a  small  lot  of  Cretaceous  fossils  in  the  NW.  J 
sec.  6;  T.  4  N.,  R.  44  E.,  and  at  the  Brown  Bear  mine,  in  the  SE.  } 
sec.  25,  T.  5  N.,  R.  43  E.,  of  which  T.  W.  Stanton  identified  the  fol- 
lowing: 


NW.  i  eec.  6,  T.  4  N.,  R.  44  E.: 
Modiola  sp. 
Gazdium  sp. 
Corbicula?  ep. 
Corbula  undifera  Meek. 
Neralina. 


SE.  i  flee.  26,  T.  5  N.,  R.  43  E.: 
Cardium  sp, 
Lucina?  sp. 
Corbula  sp. 

Undetermined  material. 
Shells. 


These  fossils  suggest  the  Mesaverde  formation  of  the  Rock  Springs 
field,  but  they  are  not  distinctive  enough  to  warrant  positive  identi- 
fication of  the  horizon.  There  are  some  similar  forms  also  in  the 
Adaville  formation  in  western  Wyoming. 

BILLIARD  AMD  ADAVILLE   FOBMATIONS  (?). 

The  beds  inmiediately  overlying  the  Frontier  formation  in  south- 
western Wyoming  constitute  ther  Hilliard  formation,  which  consists 
of  dark-colored  sandy  shale,  clay,  and  shaly  sandstone,  chiefly  of 
Colorado  age  but  in  part  of  Montana  age.  The  entire  series  is  soft 
and  weathers  readily,  forming  marked  depressions  in  which  compara- 
tively few  exposures  are  seen.  In  southwestern  Wyoming  the  Hil- 
liard formation  is  overlain  by  the  coal-bearing  Adaville  formation, 
also  of  Montana  age.  Beds  belonging  to  the  Hilliard  and  Adaville 
formations  were  not  observed  in  this  area  in  the  course  of  the  recon- 
naissance examination.  This  portion  of  the  Upper  Cretaceous  series 
may,  however,  be  present  in  some  parts  of  the  Snake  River  or  Big- 
bole  mountains,  but  the  examinations  thus  far  made  indicate  that 
all  the  Cretaceous  beds  exposed  at  the  surface  are  older  than  the 
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Adaville  and  Hilliard  formations.  Until  the  area  is  studied  in  detail 
it  will  not  be  possible  to  state  definitely  whether  or  not  beds  belong- 
ing to  these  formations  occur  in  surface  exposures  in  the  Snake  Hirer 
and  Bighole  mountains  or  whether  they  are  present  in  any  part  of 
the  field  beneath  the  lava-covered  plains  of  the  Teton  Basin. 

CRETACEOUS   OR  TERTIARY  SYSTEM. 
BVAN8T0N  FORMATION  (?). 

The  deposition  of  the  AdaviUe  formation  in  southwestern  Wyoming 
was  succeeded  by  a  long  period  of  folding,  faulting,  and  erosion, 
after  which  was  laid  down  a  series  of  gray,  yellow,  and  black  car- 
bonaceous shales,  clay,  and  white  and  yellow  sandstone,  which 
make  up  the  Evanston  formation.  It  is  not  positively  known  Whether 
or  not  this  formation,^  which  carries  coal  in  the  Hoback  River  basin 
and  in  the  vicinity  of  Evanston,  Wyo.,  is  present  in  the  area  covered 
by  this  report.  Beds  resembling  the  Evanston  formation,  how- 
ever, occur  on  the  east  side  of  Snake  River  south  of  Jackson,  Wyo., 
where  coal-bearing  beds  lie  apparently  conformably  below  the  Almy 
formation. 

TERTIARY   SYSTEM. 

SOCEVE  SERIES  (WASATCH  OROTTP). 

ALMT  FORMATION. 

The  Almy  formation,  which  may  be  equivalent  to  the  Pinyon  con- 
glomerate of  the  Yellowstone  Park  region,  is  well  exposed  between 
Snake  and  Hoback  rivers  in  Tps.  39  and  40  N.,  R.  116  W.,  Wyoming, 
where,  in  beautiful  weathered  exposures,  conglomerate  representing 
this  formation  may  be  traced  from  Hoback  River  northwestward  to 
Snake  River.  The  beds  here  strike  N.  32°  W.  and  dip  about  25°  NE. 
At  no  other  place  in  the  area  examined  were  these  deposits  observed. 
The  conglomerate  is  overlain  by  later  Tertiary  deposits. 

KNIOHT  FORMATION. 

Beds  belonging  to  the  Knight  formation  were  identified  southeast 
of  Cheney  post  office,  on  the  east  side  of  Snake  River,  overlying  the 
Almy  formation.  They  consist  of  red  and  yellow  sandy  clays,  shales, 
sandstones,  and  concretionary  limestones  and  extend  eastward  south 
of  the  Gros  Ventre  Mountains,  connecting  with  the  beds  observed 
north  and  east  of  the  Hoback  River  basin. 

» Veatch,  A.  C,  U.  S.  Geol.  S\irvey  Prof.  Paper  66,  pp.  76-87, 1907.    Schulte,  A.  R.,  U.  8.  Geol.  Sonrty 
BuU.  543,  pp.  68-71, 1914. 
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PLIOOZirS  (I)  8ESXZ8. 

At  Snake  River  in  T.  1  S.,  R.  45  E.,  about  3  miles  southeast  of 
the  mouth  of  Bear  Creek,  is  a  small  area  of  calcareous  conglomerates 
and  inferior  lithographic  limestone  which  were  provisionally  mapped 
as  Carboniferous  by  St.  John,  but  which  appear  in  the  light  of  recent 
detailed  study  in  Idaho  farther  to  the  south  to  be  Tertiary  lake 
beds,  probably  of  Pliocene  age.  This  correlation  is  made  purely  on 
lithologic  and  structural  grounds.  Similar  conglomerates  were 
observed  along  the  west  flank  of  the  Snake  River  Range  at  several 
places  along  Snake  River  between  Alpine  and  Irwin,  and  on  Indian 
and  E3k  creeks. 

QUATERNARY   STSTEM. 
GLACIAL  DEPOSITS. 

Glacial  deposits  consisting  of  old  eroded  drift  were  observed  on 
the  slopes  of  the  Teton,  Bighole,  and  Snake  River  mountains,  and 
fresh  moraines  were  seen  in  some  of  the  mountain  valleys.  In  some 
of  the  smaller  valleys  near  the  summits  of  the  higher  peaks  rem- 
nants of  the  receding  mountain  glaciers  were  seen,  which  earlier  in 
tJie  summer  had  extended  much  farther  down  the  valley.  In  one 
place  north  of  the  canyon  of  the  Snake  one  of  these  small  valley 
glaciers  had  extended  during  the  previous  year  nearly  to  the  mouth 
of  the  valley,  where  it  joins  Snake  River,  and  the  moraine  left  by 
tlie  melting  ice  could  be  distinctly  seen  through  the  entire  distance, 
approximately  half  a  mile. 

8PRINO  'DEPOSITS. 

In  certain  parts  of  the  area  described  in  this  report,  notably 
along  Snake  River  and  Fall  Creek,  occur  deposits  of  travertine  and 
numerous  hot  springs,  many  of  which  are  depositing  tufa  at  the 
present  time.  These  hot  springs  may  represent  the  southwestern 
extension  of  conditions  similar  to  those  that  gave  rise  to  the  numer- 
ous renowned  hot  springs  in  the  region  of  the  Yellowstone  National 
Park.  F.  H.  Bradley,^  ^f  the  Hayden  Survey,  visited  some  of  these 
springs  in  1872  and  gave  an  excellent  account  of  the  springs  and 
their  deposits.  Regarding  the  hot  springs  of  Snake  River,  which 
wcur  along  the  Darby  fault  in  T.  39  N.,  R.  116  W.,  Wyoming,  he 
makes  the  following  statement: 

A  small  cluster  of  these  [Warm  Springs]  escape  among  the  gravel  on  the  edge  of 
the  river  in  the  south  side,  emitting  an  abundance  of  sulphureted  hydrogen.  Though 
somewhat  mixed  with  the  river  water,  they  gave  a  temperature  of  117°.  About  a 
bunflred  yards  below  this  a  group  of  calcareous  springs  has  built  up  a  dam  of  tuBt  so 
a<»  to  flood  several  acres  about  the  vents,  which  are  now  inaccessible.  The  general 
flow  from  the  pool  gave  a  temperature  of  94**. 

»  U.  S.  Geol.  Survey  Terr.  Sixth  Ann.  Kept.,  p.  260, 1873. 
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The  writer  visited  this  locality  in  1906  and  found  the  condition 
of  the  springs  much  the  same  as  in  1872,  at  the  time  of  Bradley's 
visit.  He  observed,  however,  other  hot  springs  not  described  by 
Bradley.  Some  of  these  lie  on  the  gravel  bench  on  the  south  side 
of  Snake  River.  Over  one  of  the  larger  of  these  springs  a  bath- 
house has  been  erected.  A  number  of  other  springs  occur  in  this 
locality  on  the  gravel  terrace  near  Counts's  ranch. 

On  the  lower  part  of  Snake  River  both  spring  deposits  and  hot 
springs  were  observed  at  several  places  from  Alpine  to  Heise,  Idaho. 
All  the  springs  at  Alpine,  Blowout,  and  Heise,  on  Fall  Creek,  and  in 
the  lower  Conant  Valley,  Idaho,  occur  along  the  fault  line  between 
the  Caribou  Range  and  the  Snake  River  valley.  It  is  very  probable 
that  similar  deposits  will  be  found  at  other  localities  in  the  moun- 
tains along  this  fault  line  as  soon  as  a  more  detailed  examination  of 
this  region  is  made.  At  Heise,  on  Snake  River,  in  the  SE.  i  sec.  25, 
T.  4  N.,  R.  40  E.,  is  the  most  northwestern  hot  spring  observed  in 
the  course  of  the  reconnaissance  examination  along  this  fault  line. 
This  spring  is  mentioned  by  Bradley,*  who  says: 

Some  3  or  4  miles  below  the  mouth  of  this  last  canyon  [lower  Snake  River  canyon] 
a  small  hot  spring,  4  or  5  feet  across,  stands  on  the  north  bank  of  the  river  about  20 
feet  above  the  bottom.  This  was  not  visited  by  any  of  our  party  but  was  reported  by 
our  guide  to  be  too  hot  for  one  to  hold  his  hand  in  it  for  more  than  half  a  minute. 
White-spring  deposits  were  seen  from  a  distance  at  several  points  on  the  north  bank, 
but  there  is  believed  to  be  no  flow  at  these  points  at  the  present  time. 

About  18  miles  southeast  of  this  locality,  at  the  lower  end  of  Conant 
Valley,  in  T.  2  N.,  R.  43  E.,  occurs  another  hot-spring  deposit  on 
the  south  side  of  Snake  River.     Of  these  deposits  Bradley  says: 

At  the  base  of  the  mountain  on  the  southwest  side  of  the  valley,  just  above  the 
head  of  this  lower  canyon  Power  Snake  River  canyon],  calcareous  deposits  from 
now  extinct  springs  form  a  heavy  mass  reaching  about  100  feet  up  the  mountain 
Bide. 

In  sec.  29,  T.  1  N.,  R.  43  E.,  on  Fall  Creek,  inmaediately  west  of 
the  fault  along  the  east  side  of  the  Caribou  Range,  where  the  crest 
of  the  antidine  in  the  Paleozoic  beds  crosses  the  creek,  occur  numer- 
ous warm  springs.  Some  of  these  are  on  the  south  side  of  the  creek 
and  several  in  the  bottom  of  the  stream.  The  largest  one,  which 
suppUes  a  stream  that  fills  an  8-inch  pipe,  comes  in  on  the  north 
side  of  the  creek  right  at  the  water's  edge.  The  water  from  most 
of  these  springs  is  luke  warm  and  carries  hydrogen  sulphide.  Con- 
siderable sulphur  is  deposited  around  the  springs  and  in  the  stream. 
The  stones  and  groimd  are  coated  with  greenish-yellow  algae.  Tra- 
vertine and  other  spring  deposits  are  built  up  aroimd  the  springs, 
the  rims  and  domes  of  which  are  several  feet  in  height. 

1  Bradley,  F.  II.,  op.  cit.,  p.  271. 
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The  largest  spring  deposits  and  the  hottest  water  observed  along 
the  fault  between  the  Snake  River  valley  and  the  Caribou  Moun- 
tains occurs  on  Snake  River  southwest  of  Blowout,  in  sees.  13  and 
24,  T.  2  S.,  R.  45  E.,  and  in  the  southwest  quarter  of  T.  2  S.,  R.  46  E. 
One  of  these  springs  on  the  east  bank  of  Snake  River  is  now  utilized 
for  a  bathhouse.  R^arding  this  group  of  springs  Bradley,^  who 
visited  them  in  1872,  makes  the  following  excellent  statement: 

Here  also  is  located  a  cluster  of  warm  springs,  making  calcareous,  sulphurous,  and 
«line  deposits.  The  largest  spring,  the  Washtub,  has  built  up  a  flaring  table,  1  foot 
hig^,  of  an  oval  form,  measuring  about  4^  by  7}  feet,  upon  a  mound  consisting  of 
calcareous  mud,  scarcely  solidified,  of  from  5  to  7  feet  above  the  creek  bottom  in 
which  it  stands.  The  central  table  has  contracted  so  as  to  crack  across  diagonally, 
and  the  flow  now  escapes  at  its  western  base,  depositing  a  fine  mud  tinged  in  the  full 
pools  with  a  faint  sulphur-yellow,  but  pure  white  in  the  dry  ones.  These  pools 
cover  the  mound  in  descending  steps  of  great  beauty.  The  present  flow  is  south- 
ward, though  it  has  been  on  all  sides  in  succession.  The  deposit  on  the  surface  .of 
the  mound  is  still  very  soft  and  showed  at  the  time  of  our  visit  (Oct.  6)  the  tracks  of 
a  amaU  bear,  who  had  recently  investigated  the  wonders  of  the  mound,  even  setting 
his  foot  on  the  central  table.  One  mound,  no  longer  active,  ia  5  feet  high,  with  a 
circular  base  of  about  5  feet  diameter  and  an  oval  summit  of  about  1  foot  by  6  inches. 
Many  small  springs  escape  along  the  bank  for  a  hundred  yards  or  more.  The  deposits 
vary  greatly  in  color.  At  some  points  the  odors  of  sulphurous  acid  and  of  sulphureted 
hydrogen  were  quite  noticeable.  The  older  deposits  have  built  up  a  bank  10  feet 
hi^  along  the  base  of  the  terrace,  and  the  beavers  have  taken  possession  and  have 
dammed  up  on  it  the  waters  of  the  cold  springs  which  flow  from  the  second  terrace 
at  short  intervals  along  this  plain.  On  the  opposite  shore  two  considerable  springs 
have  built  up  their  deposits  against  the  foot  of  the  mountain,  one  of  which  appears 
to  be  nearly  dead.  The  highest  temperatiure  observed  here  was  144^.  The  Wash- 
tub  gave  142**,  and  others  142°,  140*',  90°,  88°,  etc 

« 

Similar  springs  occur  on  the  bottom  lands  along  the  west  side  of 
Snake  River  and  drain  into  the  sloughs  and  low  depressions  on  the 
gravel  terrace  bench. 

ALLUVIUM  AND  TERRACE  GRAVELS. 

Along  all  the  large  streams  in  this  region  occur  considerable  de- 
posits of  washed  soil  and  gravels  of  Quaternary  age.  Some  of  the 
gravels  along  Snake  River  and  its  tributaries  are  washed  for  gold. 
For  the  most  part  the  alluvial  bottoms  are  small  and  are  confined 
to  narrow  strips  along  the  streams  or  are  cut  out  entirely  where  the 
stream  has  intrenched  itself  in  the  lava  bed.  The  lai^est  of  the  allu- 
vial bottoms  occur  along  the  Salt  River  valley  and  around  Jackson, 
Wyo.,  along  Snake  River  above  the  canyon,  and  in  places  along 
Snake  River  below  the  canyon.  In  addition  to  the  alluvial  bottoms 
along  the  larger  streams,  gravel,  sand,  and  silt  deposits  form  large 
aQuvial  fans  in  the  Tetpn  Basin  and  Snake  River  valley  and  occupy 
narrow  strips  in  the  bottoms  of  the  mountain  valleys. 

>  Bradley,  F.  H.,  op.cit.,  p.  260. 
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IGNEOUS   ROCKS. 

SNAKE   RIVER  BASALT. 

Nearly  all  the  norihweBtem  part  of  the  area  is  covered  by 
igneous  rocks,  which  consist  largely  of  a  series  of  lava  flows  whose 
relation  to  one  another  has  not  been  accurately  determined.  There 
appear,  however,  to  be  two  fairly  distinct  types  of  rock,  which  belong 
to  the  series  of  successive  lava  flows  grouped  by  Russell  under  the 
term  Snake  River  lava.  The  older  lavas  are  rhyolites  that  cover 
extensive  areas;  the  later  basalt  is  less  widespread  in  its  distribution 
and  is  the  most  recent  extrusive  flow  that  occurs  along  the  lower 
depressions.  The  greater  part  of  the  igneous  rock  is  dense  and  in 
cliffs  shows  the  development  of  irregular  columnar  jointing,  but  minor 
scoriaceous  and  cellular  f acies  are  foimd,  especially  near  the  margins 
of  the  flows.  The  surface  of  the  basalt  has  a  comparatively  fresh  and 
recent  appearance,  and  the  soil  cover  is  thin  except  where  it  has  been 
augmented  by  alluvial  agencies.  The  number  of  flows  has  not  yet 
been  worked  out  in  detail.  It  is  evident  that  there  are  several, 
because  of  the  intercalation  of  scoriaceous  and  tuffaceous  lentils. 
The  exact  geologic  range  of  the  flows  has  not  been  determined,  but 
it  appears  that  some  at  least  belong  to  the  Tertiary  and  are  of 
Pliocene  age,  while  others,  from  their  relation  to  the  deformed  beds 
of  probable  Pliocene  age,  are  Quaternary. 

The  older  lavas  consist  primarily  of  a  massive  flow  which  is  imiform 
in  composition  but  varies  considerably  in  physical  appearance.  These 
rocks  range  from  a  few  feet  to  a  thousand  feet  or  more  in  thickness 
and  extend  weU  up  on  the  flanks  of  the  Caribou,  Snake  River,  Teton, 
and  Bighole  moimtains.  At  the  north  end  of  each  of  these  ranges 
the  lava  lies  at  elevations  as  high  as  the  main  part  of  the  range,  and 
within  a  short  distance  it  completely  conceals  the  northward  exten- 
sion of  the  Paleozoic  rocks  of  which  the  range  is  composed.  In  the 
Teton  Basin  and  along  Snake  River  southwest  of  the  Snake  River 
Range  large  bodies  of  more  recent  Snake  River  basalt  overlie  the 
older  flows.  The  basalt  sheets  are  from  a  few  feet  to  200  feet  thick 
and  consist  of  dark-gray  to  bluish-black  more  or  less  vesicular  rock 
containing  some  crystals  of  feldspars  and  f erromagnesian  minerals. 

The  Tertiary  beds  on  the  west  flank  of  the  Caribou  Range  are  over- 
lain by  igneous  rocks  or  basalts  similar  to  those  which  occur  in  the 
canyons  farther  to  the  north  and  west.  The  greater  portion  of  the 
igneous  rocks  represents  part  of  the  extensive  lava  flows  of  the  Snake 
River  Plains,  which  have  been  referred  in  southern  Idaho  mainly  to 
the  Tertiary  by  Russell  and  in  the  Yellowstone  National  Park  region 
to  the  Neocene  by  Hague  and  Iddings.  There  are,  however,  within 
this  general  area  a  number  of  subordinate  cones,  many  of  which  are 
broken  and  shattered  and  undoubtedly  served  as  the  outlets  for  the 
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I&ter  lavas  that  surround  them.     Some  of  these  are  of  Pleistocene  or 
Recent  age,  if  the  Tertiary  beds  are  correctly  determined  as  Pliocene. 

STBTTCnrXTBB. 
GENERAL  FEATURES. 

The  geologic  structure  of  the  area  examined  is  rather  complex,  and 
DO  attempt  -was  made  to  decipher  it  in  detail.    The  mapping  of  the 
phosphate  beds  on  some  of  tiie  streams  in  the  area,  however,  per- 
mitted the  structure  of  some  of  the  larger  imits  to  be  worked  out  with 
considerable  accuracy.    The  main  mountain  ranges  are  more  or  less 
parallel  and   extend  in  a  northwesterly  direction  across  the  area 
examined.     The  one  farthest  to  the  southwest  south  of  Snake  River 
13  the  Caribou  Range.    Northeast  of  the  Caribou  Range  lie  the 
Snake  River  and  Salt  River  ranges,  the  former  north  and  the  latter 
south  of  Snake  River  and  east  of  Salt  River.    Immediately  to  the 
northeast  of  these  are  the  Bighole  and  Wyoming  ranges,  which  in 
places  lie  so  near  to  the  Snake  River  Range  as  to  be  taken  as  a  part 
of  it    Northeast  of  these  parallel  moimtain  ranges,  in  the  north- 
eastern part  of  the  area,  lies  a  high  range  known  as  the  Teton  Moun- 
tains, which  in  western  Wyoming  extends  in  a  northerly  direction 
from  Snake  River  to  the  Yellowstone  National  Park. 

CARIBOU  RANGE. 

The  Caribou  Range,  which  forms  the  southern  boundary  of  the 
area  examined,  has  a  very  complex  structure  and  consists  of  an 
antidinorium,  as  indicated  by  the  sections  traversed  by  the  writer^ 
in  the  autumn  of  1911,  along  Fall  and  Tincup  creeks.  A  large  thrust 
fault  extends  along  the  east  flank  of  the  Caribou  Range  and  probably 
represents  the  northward  continuation  of  the  fault  that  lies  for  the 
most  part  in  Snake  and  Salt  River  valleys,  west  of  the  Salt  River 
Range.  It  is  along  this  fault  that  the  nimierous  hot  springs  referred 
to  are  located.  Minor  faulting  was  observed  at  several  places  in  the 
Caribou  Range,  but  no  attempt  was  made  to  study  the  relation  of 
these  faults  to  one  another. 

SNAKE  RIVER  AND  SALT  RIVER  RANGES. 

The  Snake  River  and  Salt  River  ranges  consist  of  a  series  of  rugged 
peaks  and  hills  that  have  a  general  northwesterly  course,  extending 
from  western  Wyoming  to  the  great  lava  plains  southeast  of  St. 
Anthony,  Idaho.  The  ranges  were  formerly  continuous  but  have 
been  separated  by  Snake  River,  which  has  forced  a  narrow  passage 
through  them.  The  Snake  River  Range  lies  north  of  the  canyon  and 
the  Salt  River  Bange  south  of  it.     The  ranges  lie  immediately  east  of 

>  Setalts,  A.  R-*  a&d  Richards,  R.  W.,  U.  S.  Oeol.  Survey  Bull.  530,  figs.  33  and  34, 1913. 
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the  broad  valleys  of  Snake  and  Salt  rivers,  which  separate  them  from 
the  Caribou  Mountains.  The  Snake  River  and  Salt  River  ranges 
have  a  very  complex  structure  and  consist  of  parallel  anticlines  and 
synclines,  which  are  in  places  overturned  and  closely  folded  and  with 
which  is  associated  considerable  faulting.  A  large  thrust  fault 
extends  along  the  east  flank  of  the  ranges  and  represents  the  north- 
ward continuation  of  the  Absaroka  fault.*  This  fault,  in  which  the 
thrust  has  come  from  the  west,  approximately  separates  the  Snake 
River  and  Salt  River  ranges  from  the  Bighole  and  Wyoming  ranges. 
As  a  result  of  this  thrust  rocks  of  Carboniferous  age  are  brought  in 
places  into  juxtaposition  with  rocks  of  Cretaceous  (Colorado)  age.  A 
short  distance  west  of  and  more  or  less  parallel  to  the  Absaroka  fault 
is  another  fault,  which  marks  approximately  the  western  limit  of 
the  phosphate-bearing  beds  in  the  Snake  River  Range.  All  the  phos- 
phate exposures  observed  in  this  part  of  the  range  lie  between  these 
two  faults.  Minor  faulting  was  observed  at  several  places,  but  no  at- 
tempt was  made  to  work  out  the  structure  of  the  ranges  completely 
or  to  study  the  relation  of  the  faults  to  one  another.  The  major 
faults  above  mentioned  were  observed  along  all  the  streams  flowing 
west  into  Snake  River  along  which  traverses  were  made,  and  are 
therefore  indicated  on  the  map  as  continuous  faults. 

BIOHOLE  MOUNTAINS  AND  WYOMING  RANGE. 

The  Bighole  Mountains  and  Wyoming  Range  lie  immediately- 
north  and  east  of  the  Snake  River  and  Salt  River  ranges,  from  which 
they  are  separated  by  the  Absaroka  fault  and  a  low  depression  along 
the  Greys  River  valley  and  the  headwaters  of  Elk,  Palisade,  Pine, 
Moody,  and  Canyon  creeks.  These  ranges  also  were  once  continuous 
and  have  been  cut  nearly  at  right  angles  by  Snake  River.  The  part 
of  the  old  range  north  of  Snake  River  is  known  as  the  Bighole  Moun- 
tains, and  the  part  south  of  the  river  as  the  Wyoming  Range.  The 
geology  of  the  range  is  complex  and  as  yet  little  known.  The  rocks  are 
highly  folded  and  are  broken  by  large  faults,  the  exact  positions  of 
which  have  for  the  most  part  not  been  determined.  The  large  thrust 
fault  that  extends  along  the  east  side  of  these  ranges  was  mapped  by 
the  writer  in  1906  as  far  north  as  Snake  River  and  represents  the 
northwestern  extension  of  the  Darby  fault.^  Its  position  in  the  Big- 
hole Moimtains  was  determined  only  at  two  localities  south  of  Victor, 
Idaho,  in  the  vicinity  of  station  39  of  the  Hayden  survey,*  and  west 
of  Driggs,  Idaho,  in  the  vicinity  of  station  42.  The  stratigraphic  re- 
lation of  the  beds  along  the  fault  in  these  two  localities,  the  general 
trend  of  the  mountain  range,  and  the  niunerous  large  springs  that  lie 

»  U.  S.  G«ol.  Survey  Prof.  Paper  56,  p.  109, 1907;  U.  b.  Gool.  Survey  Bull.  643,  p.  87, 1914. 

*U.  S.  Geol.  Survey  Bull.  643,  p.  84,  1914. 

>  Station  numbers  coxrespond  to  those  used  in  St.  John's  report  and  are  sho\i-n  on  the  map  (PI.  I). 
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along  the  fault  line  on  the  east  flank  of  the  mountains  between  sta- 
tions 39  and  42  indicate  that  the  fault  here  observed  is  probably  the 
norihward  extension  of  the  Darby  fault,  which  lies  along  the  east 
flank  of  the  Wyoming  Range.  The  stratigraphic  relations  of  the 
beds  along  the  east  and  west  sides  of  the  Darby  fault  are  similar  to 
those  along  the  Absaroka  fault;  in  places  Carboniferous  or  older 
rocks  on  the  west  are  brought  into  juxtaposition  with  CSretaceous 
(Colorado)  rocks  on  the  east. 

TETON  MOUNTAINS. 

The  Tet6n  Moimtains  form  one  of  the  most  imposing  ranges  in  the 
Rocky  Mountain  region.  They  appear  to  be  a  large  fault  block  upon 
which  the  little-disturbed  Paleozoic  rocks  dip  gently  toward  the  west. 
The  main  part  of  the  range  rises  with  a  singularly  abrupt  slope  from 
the  west  side  of  Jackson  Hole,  which  marks  the  approximate  location 
of  the  fault  along  the  east  side  of  the  range.  It  culminates  in  the 
nigged  Grand  Teton,  the  third  highest  peak  ia  Wyoming,  reaching  an 
altitude  of  13,747  feet.  The  main  part  of  the  range  extends  about 
due  north  and  consists  of  a  gentle  westward-dipping  monocline 
crossed  at  the  north  by  a  low  anticline  which  trends  northwest. 
Near  the  south  end  of  the  range  the  beds  are  somewhat  folded  and 
the  main  ridge  is  crossed  by  a  low  anticline,  whose  axis  trends  north- 
west, lies  immediately  north  of  station  43  of  the  Hayden  Survey,  and 
in  its  northwestward  extension  nearly  parallels  the  Bighole  Moim- 
tains. The  low  pass  south  of  station  43  separates  the  Teton  Moun- 
tains from  the  Bighole  and  Wyoming  ranges  and  aflFords  the  only 
wagon  road  at  the  south  end  of  the  range  from  Teton  Basin,  Idaho, 
into  Jackson  Hole,  Wyo.  The  rocks  along  the  east  slope  of  the  range 
consist  largely  of  granite,  gneisses,  and  schists.  On  the  west  slope  of 
the  range  the  Paleozoic  beds  overlie  the  pre-Cambrian  rocks  and  slope 
off  more  gently  to  the  broad  Teton  Basin,  which  lies  between  the 
Teton  and  Bighole  mountains.  The  broad  open  plain  of  the  Teton 
Basin  is  floored  with  nearly  horizontal  Tertiary  or  later  sediments. 
The  outcrops  of  the  Mesozoic  rocks  are  buried  by  extensive  lava 
flows,  which  are  in  turn  partly  concealed  by  the  alluviimi  in  the 
bottoms  of  the  basins  and  by  widespread  moraines  on  the  plateau 
farther  north. 

MINERAL.  DEPOSITS. 
PHOSPHATE. 

GENERAL  FEATURES. 

Rock-phosphate  deposits  of  the  same  type  as  those  in  eastern  Idaho 
lathe  vicinity  of  Montpelier,  south  of  Snake  River,  were  foimd  by  the 
vrriter  in  September,  1912,  while  engaged  in  a  geologic  reconnaissance 
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examination  north  of  Snake  River  in  the  vicinity  of  the  Snake  River 
and  Bighole  mountains.  It  is  believed  that  commercial  deposits  of 
phosphate  have  not  heretofore  been  generally  known  in  this  part  of 
Idaho,  and  no  sign  was  observed  that  these  beds  had  ever  been  pros- 
pected for  phosphate,  although  in  a  few  places  they  have  been  pros- 
pected for  coal. 

The  rock  was  foimd  as  float  along  the  outcrop  of  the  phosphate 
bed  and  in  place  along  the  central  part  of  the  Snake  River  Range, 
and  was  recognized  by  its  physical  characteristics.  The  more  mas- 
sive part  of  the  bed,  which  is  usually  foimd  as  float,  somewhat  re- 
sembles a  dark  coarse  granular  limestone  that  may  be  mistaken 
on  casual  examination  for  a  dark  fine-grained  basalt.  It  has  an 
oolitic  structure,  is  dark  gray  to  black,  is  noticeably  heavy  in 
comparison  witli  the  sedimentary  rocks  with  which  it  occurs,  and 
on  many  of  the  weathered  surfaces  has  a  bluish-white  coating. 
The  oolitic  structure,  though  constituting  one  of  its  most  definite 
features,  is  in  places  somewhat  obscure;  in  other  places  it  is  en- 
tirely Tniflfljng  and  the  bed  may  be  composed  entirely  of  shale- 
sandstone,  or  nonoolitic  limestone,  rich  in  phosphoric  acid.  By 
reason  of  the  weaker  constitution  of  the  shaly  rocks  they  commonly 
give  way  to  weathering  and  decay  at  the  surface,  and  the  phosphate 
outcrop  thereby  becomes  concealed  wholly  or  in  part,  while  the 
harder  fragments  of  phosphate  rock  remain  in  the  soil  and  are  read- 
ily detected  by  one  who  is  fanuhar  with  the  appearance  of  the  rock. 
In  part  of  the  area  rock-phosphate  float  is  but  moderately  abun- 
dant in  the  vicinity  of  the  outcrops  of  the  phosphate  bed,  but  in 
other  locaUties  the  surface  is  covered  with  niunerous  phosphate 
fragments. 

The  work  done  farther  southeast  in  Idaho,  where  detailed  exami- 
nations of  the  phosphate  deposits  have  been  made,  and  where 
sections  of  the  phosphate  shales,  especially  those  immediately  as- 
sociated with  the  mata  phosphate  bed  have  been  measured  and 
studied  in  detail,  affords  a  good  idea  of  the  range  of  phosphate 
content  which  may  be  expected  within  the  area  covered  by  this 
report.  Two  of  these  sections,  in  Greorgetown  Canyon,  T.  11  S., 
R.  44  E.,  and  in  T.  8  S.,  R.  44  E.,  Idaho,  have  been  published.* 

A  detailed  section  of  the  lower  part  of  the  Phosphoria  formation 
was  measured  and  sampled  in  1909,  exceptionally  favorable  con- 
ditions of  exposure  being  foimd  in  the  Georgetown  district,  in  T.  11 
S.,  R.  44  E.  The  section  of  the  phosphate-bearing  strata  in  Geoige- 
town  Canyon  shows  the  largest  amoimt  of  high-grade  phosphate 
rock  and  probably  the  highest  average  phosphoric-acid  content  of 
all  the  sections  that  have  been  examined  in  detail  in  the  western 
phosphate   fields.     It   represents   presumably    the   upper   limit   of 

I  U.  S.  Qeol.  Survey  Bull.  530,  pp.  278,  280, 1913. 
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conditions  "which  may  be  found  on  prospecting  within  the  area  of 
this  reconnaissance.  The  other  section  of  the  lower  portion  of  the 
Phosphoria  formation  was  measured  and  sampled  about  26  miles 
north  of  Greoigetown  Canyon,  in  the  SW.  J  SW.  J  sec.  7,  T.  8  S.,  R. 
44  E.  It  shows  the  smallest  amount  of  high-grade  phosphate  rock 
and  also  the  lowest  average  content  of  phosphoric  acid  yet  foimd 
in  the  sections  measured  in  detail  in  the  Idaho  portion  of  the  phos- 
phate reserve,  and  will  serve  to  illustrate  the  leanest  conditions  to 
be  expected  within  the  area  of  this  reconnaissance. 

DISTRIBUTION    OP    PHOSPHATE    DEPOSITS    BY    STRUCTURAL    DISTRICTS. 

OEVERAI.  COZTDITIOKS. 

The  distribution  of  the  phosphate-bearing  Phosphoria  formation 
in  the  area  examined  can  be  inferred  in  part  by  examination  of  the 
accompanying  map  (PL  I),  on  which  the  outcrops  of  the  phosphate 
beds  seen  in  the  field  are  shown  by  lines  with  small  crosses,  and  the 
inferred  outcrops  by  light  dash  lines.  The  inferred  positions  in 
some  parts  of  the  field  where  the  structure  is  complex  and  no 
examination  of  the  phosphate  beds  was  made  are  not  indicated, 
although  it  is  reasonably  certain  that  the  phosphate  beds  occur 
within  well-defined  limits,  as  along  the  east  side  of  the  Salt  Kiver  and 
Snake  Siver  ranges,  in  the  area  between  the  Absaroka  fault  and 
the  parallel  fault  to  the  west.  The  distribution  of  the  Phosphoria 
formation  also  indicates  in  a  general  way  the  structure  of  the  area. 
The  phosphate  beds  in  this  area  are  very  similar  to  those  described 
by  Gale,  Bichards,  and  Mansfield  in  their  reports  on  the  areas  to 
the  south.  Only  a  few  prospects  have  been  opened  on  the  phosphate 
beds  in  the  area  examined,  and  all  of  these  were  opened  in  search  of 
coaL  No  attempt  was  made  in  the  reconnaissance  examination 
U>  prospect  the  phosphate  outcrops,  and  therefore  no  detailed  de- 
scription of  the  beds  can  be  given.  Samples  of  float  and  fragments 
of  rock  in  place  picked  up  at  several  places  show  the  presence  of 
high-grade  material  and  indicate  that  workable  beds  similar  to 
those  prospected  farther  south  are  imdoubtedly  present.  A  pre- 
liminary study  of  the  phosphate  rock  was  made  and  samples  col- 
lected in  some  of  the  locahties  discussed  below. 

CABIBOXr  RAKQE,  ZDAKO. 

Phosphate  rock  of  the  same  character  as  that  in  Georgetown 
Canyon,  Idaho,  was  found  in  the  Caribou  Range  at  several  places 
on  Bear  Creek,  Indian  Creek,  Fall  Creek,  Pritchard  Creek,  and  Garden 
Creek.  One  sample  of  rock  obtained  in  Bear  Creek  yielded  28.93  per 
cent  of  phosphorus  pentoxide  (P2O5),  or  63.36  per  cent  of  tricalcimn 
phosphate.  No  other  analyses  have  been  made  of  this  rock.  The  gen- 
eral distribution  of  the  phosphate  deposits  south  of  Snake  River  is 
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shown  on  Plate  I.  However,  as  many  of  the  formations  overlying 
the  phosphate  beds  thin  greatly  toward  the  north,  and.  as  the  numer- 
ons  parallel  anticlines  in  the  Caribou  Range  expose  rocks  ranging  in 
age  from  Beckwith  to  Nugget  (see  generalized  section,  p.  14),  it  is 
very  probable  that  detailed  geologic  and  stratigraphic  work  will 
show  that  phosphate  beds  underlie  at  depths  less  than  5,000  feet 
much  of  the  area  in  the  Caribou  Eange  south  and  west  of  the  phos- 
phate outcrops  shown  on  Plate  I.  The  general  relations  of  the 
Phosphoria  formation  to  the  overlying  and  underlying  beds  in  the 
Caribou  Range  are  shown  in  the  sections  measured  klong  Tincup 
Creek,  Fall  Creek,  and  Pritchard  Creek.*  The  southeastward  exten- 
sion of  the  phosphate  beds  could  not  be  traced,  as  the  rocks  are 
concealed  beneath  the  gravel  and  aUuvium  along  Snake  and  Salt 
rivers.  It  is  probable,  however,  that  the  beds  continue  southeast- 
ward and  connect  with  the  phosphate  beds  observed  in  the  vicinity 
of  Af ton  Creek,  on  the  west  limb  of  an  overturned  anticline  south- 
west of  Virginia  Peak,  which  may  represent  a  part  of  the  structural 
fold  observed  along  the  east  side  of  the  Caribou  Range  west  of  Snake 
River. 

BHASX  BIVER  AlTD  SALT  RIVES  BAITOBB. 

GENERAL  DISTRIBUTION. 

Deposits  of  phosphate  rock  were  f oimd  at  several  places  from  the 
north  end  of  the  Snake  River  Range  to  the  south  end  of  the  Salt 
River  Range,  but  no  attempt  was  made  to  trace  the  outcrop  of  the 
phosphate  beds  from  one  locality  to  another.  Traverses  were  made 
'  across  the  Snake  River  Range  along  Pine,  Rainy,  Elk,  and  Indian 
creeks  and  along  Snake  River.  Examinations  were  also  made  of 
the  rock  along  some  of  the  divides  between  these  streams,  particu- 
larly in  the  vicinity  of  Palisade  Creek  and  north  of  Pine  Creek. 
The  general  distribution  and  location  of  the  phosphate  deposits  in 
this  range  are  shown  on  Plate  I  and  in  greater  detail  on  the  traverse 
maps  of  areas  along  the  streams  (figs.  2  to  6).  Most  of  the  deposits 
lie  along  the  east  side  of  the  range,  in  that  part  of  the  divide  lying 
immediately  west  of  the  Absaroka  fault.  Although  the  beds  have 
not  been  traced  for  any  great  distances  beyond  the  localities  where 
they  were  examined,  it  is  reasonably  safe  to  infer  from  what  is  known 
regarding  the  general  structure  of  the  range  that  the  phosphate 
beds  are  more  or  less  continuous  from  one  locality  to  another.  Owing 
to  the  complexity  of  detail  in  the  structure  of  this  part  of  the  range, 
however,  the  outcrop  of  the  phosphate  bed  is  certain  to  be  somewhat 
irregular,  and  even  its  approximate  location  can  not  be  inferred 
imtil  a  more  detailed  examination  of  the  entire  region  is  made. 

1  U.  S.  Qeol.  Survey  Bull.  530,  figs.  33.  34,  and  35,  1913. 


PHOSPHATE.  41 


PINE   CREEK. 


The  lower  part  of  Pine  Creek  lies  on  the  Snake  River  basalt. 
About  2  miles  up  Pine  Creek  from  the  point  where  the  stream  crosses 
the  west  botindary  of  the  Palisade  National  Forest  rocks  of  Carbon- 
iferous age  are  exposed.    The  southwestern  part  of  the  range  con- 
sists chiefly  of  Paleozoic  limestones,  in  which  numerous  horn  corals 
were  observed.     The  beds  along  the  west  side  of  the  range  dip  20° 
to  50°  W.,  but  in  the  vicinity  of  the  fault  east  of  Flemming's  ranch 
the  dip  ranges  from  50°  to  70°  W.    Some  of  the  beds  along  this  ridge 
appear  to  be  older  than  the  Madison  limestone.    This  fault,  in  which 
the  downthrow  is  on  the  east,  brings  the  Woodside  formation  into 
contact  with  Paleozoic  limestone  on  the  west.    Minor  faulting  was 
also  observed  in  the  hills  north  of  Flemming's  ranch,  but  the  exact 
location  of  the  faults  was  not  determined.    Farther  up  the  stream, 
west  of  the  forest  rangers'  station,  is  the  overthrust  fault,  which  is  . 
believed  to  be  the  northwesterly  extension  of  the  Absaroka  fault. 
Along  this  fault  line  quartzite  of  Pennsylvanian  age  (Wells  forma- 
tion) 19  brought  into  contact  with  beds  of  Jurassic  age  (Beckwith 
formation)  on  the  east.    Between  these  two  faults  were  noted  the 
phosphate  beds.     The  rocks  in  this  belt  are  badly  broken  and  dis- 
torted, and  no  attempt  was  made  to  trace  the  phosphate  beds  for 
any  distance  along  their  outcrop.    It  may  be  expected,  however, 
that  when  these  beds  are  mapped  in  detail  the  phosphate  will  be 
found  at  several  places  west  of  the  Absaroka  fault.    Phosphate 
float  was  picked  up  near  the  middle  of  this  belt,  just  east  of  a  massive 
ledge  of  gray  cherty  limestone,  but  no  phosphate  rock  was  found  in 
place  at  this  locality.    The  general  relation  of  the  beds  indicates  that 
the  phosphate  should  be  present  below  the  massive  ledge.    If  the 
phosphate  occurs  in  place  here,  there  is  a  fault  between  it  and  the 
phosphate  outcrop  to  the  east.    The  phosphate  outcrop  west  of  the 
forest  ranger's  station  rests  upon  a  bed  of  white  limestone,  which  in 
turn  rests  upon  quartzite  beds;  both  limestone  and  quartzite  belong 
to  the  Wells  formation.    A  sample  of  phosphate  obtained  north  of 
the  road,  at  locality  J  (see  PI.  I),  yielded  27.51  per  cent  phosphorus 
pentoxide  (P3O5),  or  the  equivalent  of  60.1  per  cent  tricalcium  phos- 
phate (Ca,(P04)2.    The  entire  Phosphoria  formation  here  is  approxi- 
mately 375  to  400  feet  thick  and  contains  at  least  one  bed  of  phos- 
phate about  4  feet  thick.    The  sample  collected  does  not  represent 
the  richest  phosphate  layer  but  the  entire  part  of  the  bed  exposed. 
The  general  relations  of  the  beds  as  observed  along  the  line  of  trav- 
erse are  sh.o'wn  in  figure  2. 

In  the  sunooner  of  1910  Eliot  Blackwelder  examined  the  phosphate 
beds  along  Pine  Creek  and  found  that  the  phosphate  series  is  exposed 
in  the  central  part  of  the  range  in  a  band  trending  approximately 
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N.  50^  W.,  parallel  with  the  range  itself.     Regarding  these  deposits 
he  makes  the  following  statement : 

Expoflures  of  phosphate  beds  on  Pine  Creek  are  very  poor,  but  it  was  possible  to 
recognize  a  gray  quartzite  (Wella  formation)  overlain  by  gray  limestone  and  about  75 
feet  of  phosphatic  shale.  A  sample  of  the  shale  gives  on  anidysia  36.8  per  cent  trical- 
cium  phosphate.  The  expected  beds  of  rich  oolitic  phosphs^  rock  were  not  found 
but  may  veil  be  present,  although  concealed  by  wash,  soil,  and  tuff  at  the  point 
examined.  The  phosphatic  shale  is  overlain  by  the  fosailiferous  limestone,  and 
massive  chert  beds  generally  associated  in  this  region  with  the  phosphate  beds.  On 
the  \7hole,  the  general  constitution  of  the  phosphatic  series  in  the  Pine  Creek  section 


R.43E. 


R.44-E. 


R.43E.  R.44'E. 
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is  BO  similar  to  that  in  the  Preuss  Range  that  it  is  safe  to  expect  that  phosphate  deposits 
of  notable  value  will  be  found  in  the  Snake  River  Range  when  it  is  adequately 
explored. 

RAINY  CREEK. 

The  western  part  of  the  Snake  River  Range  along  Rainy  Creek  con- 
sists of  rocks  of  the  same  kind  as  those  observed  on  Pine  Creek,  for  the 
most  part  of  Paleozoic  age.  The  range  here  is  made  up  of  several 
parallel  folds,  which  are  broken  by  faults.  The  anticline  observed 
between  Rainy  and  Palisade  creeks  forms  the  highest  point  of  the 
Snake  River  Range  at  this  place,  and  its  axis  passes  through  Baldy 
Mountain  in  a  northwesterly  direction,  crossing  the  lower  portion 
of  Rainy  Creek.     The  rocks  exposed  on  the  divide  south  of  Rainy 
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Creek  consists  of  Madison  limestone  and  beds  of  Pennsylvanian  (Wells) 
age.  So  far  as  known  deposits  of  phosphate  do  not  occur  in  this 
part  of  the  range  from  Baldy  Mountain  east  to  the  first  fault  shown 
on  Plate  I-  If  present  they  occupy  the  crests  of  the  ridges  and 
constitute  remnants  that  have  not  yet  been  removed  by  erosion  from 
some  of  the  closely  folded  synclines. 

The  first  prominent  fault  observed  on  going  up  Rainy  Creek  lies 
just  east  of  the  canyon  on  the  south  fork  of  the  creek  and  may  repre- 
seut  the  southeasterly  continuation  of  the  westernmost  fault  observed 
on  Pine  Creek.  The  fault  brings  the  Ankareh  shale  on  the  east  into 
contact  with  the  quartzite  of  the  Wells  formation  on  the  west.  The 
downthrow  is  on  the  east  and  is  somewhat  greater  than  on  Pme  Creek, 
although  the  general  relations  are  the  same.    Farther  up  the  stream 
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FiouKB  3.— Map  showing  trayeiae  along  Rainy  Creek,  T.  2  N.,  Bs.  44  and  45  E.,  Idaho. 

the  Absaroka  overthrust  brings  the  Beckwith  formation  into  contact 
with  the  Wells  formation  on  the  west.  The  phosphate  occurs  between 
these  two  faults,  immediately  beneath  a  massive  ledge  of  Rex  chert 
50  feet  or  more  thick  and  above  a  bed  of  white  limestone,  which  is 
the  upper  part  of  the  Wells  formation.  A  sample  of  phosphate 
rock  was  gathered  at  this  locality  (H,  PI.  I)  from  the  Phosphoria 
formatioOy  which  is  about  375  feet  thick.  A  phosphate  bed  3}  feet 
thick  yielded  31.69  per  cent  phosphorus  pentoxide  (P2O5),  or  69.4 
per  c^ent  tricalcium  phosphate  (CajCPOjj.  A  short  distance  east  of 
the  fault  lies  the  contact  between  the  Beckwith  formation  and  the 
Twin  Creek  limestone,  both  of  which  strike  northwest  and  dip  30°-35® 
SW,  The  general  relations  observed  along  Rainy  Creek  are  shown 
infigare  3. 
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Phosphate  deposits  are  also  exposed  on  the  north  fork  of  Rainy 
Creek  in  much  the  same  relations  as  on  the  south  fork.  H.  Corbet, 
of  Irwin,  Idaho,  states  that  a  coal  claim  has  been  staked  on  these 
deposits  and  attempts  have  been  made  to  develop  it.  Mr.  Corbet 
was  primarily  interested  to  know  if  the  material  was  coal,  as  he 
wished  to  determine  whether  or  not  a  coal  supply  for  Swan  Valley 
could  be  obtained  at  this  place.  He  furnished  a  sample  of  rock 
taken  from  the  prospect  on  the  North  Fork  (I,  PI.  I),  which  yielded 
17.08  per  cent  phosphorus  pentoxide  (PjO^),  or  37.4  per  cent  trical- 
cium  phosphate  (CaaCPOj,),  and  gave  evidence  of  organic  matter. 
The  rock  consists  of  a  black  carbonaceous  shale  such  as  is  often  found 
associated  with  the  richer  phosphate  beds. 

PALISADE   CREEK. 

Similar  phosphate  rock  occurs  between  the  two  faults  on  Palisade 
Creek  above  the  upper  lake,  which  likewise  has  been  prospected  for 
coal.  A  sample  of  phosphate  rock  from  this  locality  (G,  PI.  I) 
reported  to  show  the  physical  characteristics  of  coal  was  analyzed 
and  yielded  12.69  per  cent  phosphorus  pentoxide  (PaOJ,  or  27.8  per 
cent  tricalcium  phosphate  (CajCPOjj),  and  gave  good  evidence  of 
organic  matter. 

Structural  observations  on  the  divide  between  Rainy  and  Palisade 
creeks  east  of  the  anticline  that  passes  through  Baldy  Mountain  and 
west  of  the  first  fault  shown  on  Rainy  Creek  show  that  immediately 
east  of  Baldy  Mountain  is  a  low  syncline  in  Carboniferous  rocks  whose 
axis  strikes  northwest.     Inmiediately  east  of  this  low  syncline  is  a 
gently  folded  anticline  whose  axis  strikes  N.  60°  W.  and  exposes 
along  its  crest  beds  of  Pennsylvanian  age,  a  little  lower  stratigraphi* 
cally  than  the  beds  exposed  in  the  syncline.     Farther  east  is  another 
shallow  syncline,  to  the  east  of  which  is  a  second  sharply  folded 
anticline  whose  east  limb  is  cut  by  the  fault.    The  west  limb  of  the 
anticline  strikes  N.  60°  W.  and  dips  30°  SW. ;  the  east  limb  strikes 
N.  40°  W.  and  dips  70°  NE.    The  beds  exposed  along  the  divide 
between  Rainy  and  Palisade  creeks  appear  to  consist  chiefly  of  the 
Madison  limestone  and  the  overlying  Wells  formation.    *At  no  place 
west  of  the  fault  in  these  two  synclines  were  phosphate  beds  or  the 
Phosphoria  formation  seen.    In  the  block  between  the  two  faults, 
the  eastern  of  which  is  the  Absaroka,  the  Phosphoria  formation  is 
present  and  deposits  of  phosphate  are  known  to  occur.    Similar 
deposits  occur  east  of  the  Absaroka  fault  but  lie  at  a  considerable 
depth  below  the  surface,  though  the  exact  depth  can  not  be  deter- 
mined until  a  detailed  stratigraphic  study  of  the  region  has  been  made. 
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ELK  CREEK. 


No  deposits  of  phosphate  rock  were  seen  near  the  line  of  traverse 
along  Elk  Creek.  The  main  part  of  the  Snake  River  Range  is  com- 
posed of  rock  of  Paleozoic  age.  The  rocks  in  this  vicinity  are  highly 
folded  and  are  broken  by  f  aults,  the  exact  position  of  which  has  not 
been  ascertained  except  along  the  line  of  traverse.  Two  main  anticli- 
nal folds  trending  in  a  northwesterly  direction  cut  across  Elk  Creek, 
and  with  these  folds  are  associated  numerous  minor  folds  and  flex- 
ures. On  the  upper  part  of  Elk  Creek  the  same  fault  relations  were 
observed  as  along  Rainy  and  Pine  creeks,  but  here  the  streams  have 
cut  through  the  phosphate  beds  and  are  now  intrenched  in  rocks  of  the 
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Wells  and  underlying  formations.  In  the  area  between  the  two  faults 
the  phosphate-bearing  beds  are  present  in  the  ridges  both  north  and 
soudi  of  the  stream.  From  the  traverse  along  the  vallcj  it  appears 
that  phosphate  deposits  occur  near  the  crests  of  some  of  the  ridges, 
bat  no  attempt  was  made  to  trace  the  horizon  or  examine  the  separate 
hflk  to  determine  the  presence  and  thickness  of  the  phosphate  beds. 
The  general  relations  and  the  attitude  of  the  phosphate  bed  along 
Elk  Creek  are  shown  in  figure  4. 

From  the  examination  made  in  this  vicinity  it  is  apparent  that  no 
phosphate  deposits  occur  in  the  Snake  River  Range  west  of  the  west- 
ern fault  shown  in  figm^  4,  as  this  part  of  the  range  consists  of  rocks 
older  than  the  phosphate  formation.    The  western  flank  of  the  range 
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may  terminate  abruptly  along  a  fault  or  it  may  represent  the  eastern 
limb  of  a  closely  folded  syndine,  but  in  either  case  the  phosphate 
beds  are  not  present  between  Snake  River  and  the  fault.  Owing  to 
the  heavy  cover  of  gravel;  recent  conglomerates,  and  lava  flows 
that  masks  the  underlying  Paleozoic  rock  along  the  west  flank  of  the 
range,  the  structure  has  not  been  satisfactorily  determined. 

INDIAN  CRBEK.l 

A  fooir-paced  traverse  was  made  on  both  the  North  and  South  forks 
of  Indian  Creek.  The  structure  of  the  west  flank  of  the  Snake  River 
Range  in  this  vicinity  is  very  similar  to  that  on  Elk  Creek,  in  that  the 
older  Paleozoic  rocks  are  partly  concealed  by  gravel  and  nearly  hori- 
zontal conglomerate  beds  that  dip  gently  away  from  the  mountains. 
It  appears,  however,  that  the  west  base  of  the  main  range  coincides 
approximately  with  the  synclinal  axis  in  the  Paleozoic  rocks  that  cross 
Indian  Creek  just  below  the  forks.  The  main  part  of  the  Snake  River 
Range  in  this  vicinity  consists  of  Paleozoic  rocks  in  every  way  simi- 
lar to^  those  observed  on  Elk,  Rainy,  and  Pine  creeks.  The  main  anti- 
cline of  the  range  crosses  both  the  North  and  South  forks  of  Indian 
Creek  and  is  cut  out  by  a  fault  a  short  distance  south  of  the  South 
Fork.  This  anticline  probably  represents  the  southward  extension 
of  the  anticline  that  passes  through  Baldy  Mountain  east  of  Irwin 
and  is  the  same  as  that  observed  on  Palisade  and  Elk  creeks.  All 
the  rocks  west  of  the  fault  shown  in  the  accompanying  map  (fig.  5) 
are  older  than  the  Phosphoria  formation,  and  no  phosphate  deposits 
are  known  to  occur  in  this  part  of  the  range.  Beds  of  Pennsylvanian 
(Wells)  age  are  exposed  east  of  the  fault 

The  sandstones  of  the  Wells  formation  are  overlain  by  the  Phos- 
phoria formation,  which  in  turn  is  overlain  by  the  Woodside  and 
Thaynes  formations.  The  traverse  on  the  South  Fork  of  Indian 
Creek  was  not  carried  far  enough  up  the  stream  to  encounter  the 
phosphate  beds,  but  it  is  apparent  from  the  examination  made  that 
they  are  present  on  the  upper  part  of  this  stream.  On  the  North 
Fork  of  Indian  Creek  the  phosphate  bed  was  encoimtered  immedi- 
ately beneath  the  massive  Rex  chert  member  and  immediately  above 
the  limestone  member  at  the  top  of  the  Wells  formation.  The  Phos- 
phoria formation  here  is  approximately  400  feet  thick,  and  the  phos- 
phatic  series  about  75  feet  thick.  The  rich  phosphate  bed  was  not 
measured  but  is  believed  to  be  from  3  to  4  feet  in  thickness.  A 
sample  collected  from  the  phosphate  bed  on  the  north  side  of  the 
creek  (A,  PI.  I)  yielded  32.85  per  cent  phosphorus  pentoxide  (PaOj), 
or  71.78  per  cent  tricalcium  phosphate  (Ca3(POj2). 

The  general  relations  of  the  Phosphoria  formation  to  the  overlying 
and  underlying  formations  are  shown  in  figure  5. 

i  This  stream  should  not  be  oonfosed  with  the  Indian  Creek  In  the  Caribou  Range. 
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Similar  relations  to  those  observed  here  may  be  expected  along  the 
upper  part  of  South  Fork  of  Indian  Creek.  On  the  divide  between 
the  two  forks  the  phosphate  deposits  extend  much  farther  west  and 
may  extend  to  the  fault  contact.  The  high  ridge  to  the  east  is  appar- 
endr  underlain  by  the  phosphate  bed. 


8NAKB  RIVER. 


The  structural  conditions  along  the  west  base  of  the  Snake  River 
Range  on  Snake  River  are  similar  to  those  observed  on  the  streams 
to  the  north.  The  Paleozoic  beds  are  closely  folded  and  compressed, 
and  m  places  they  appear  to  be  overturned.    At  the  mouth  of  the 
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^aake  River  canyon  the  beds  show  clearly  in  wavy  lines  along  bed- 

<3iig  planes  the  effect  of  the  compression  strain.    The  anticlinal  axis 

■  t^erved  on  Indian  Creek  is  not  present  on  Snake  River,  as  it  is  cut 

it  by  the  'western  fault.    The  Paleozoic  beds  west  of  the  fault  are 

vi^  same  as  those  on  Indian  Creek  but  here  represent  only  the  west 

onb  of  the  anticline.    The  structure  on  Snake  River  in  the  belt 

.^tween  the  western  fault  and  the  Absaroka  fault  is  more  complex 

7.in  that  observed  on  Indian  Creek,  as  there  are  here  three  distinct 

-".tklines  trending  approximately  north.    In  this  belt  the  phosphate 

^•osits  occur  well  up  on  the  higher  hills,  there  being  no  deposits 

■  phosphate  along  the  line  of  traverse,  as  Snake  River  has  cut  through 
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the  Phosphoria  formation  and  exposes  older  beds  throughout  its 
course  from  the  lower  end  of  the  canyon  up  to  the  Absaroka  fault. 
On  the  north  side  of  Snake  River  beds  of  the  Phosphoria  formation 
were  seen  in  the  higher  hills  and  probably  represent  the  southward 
extension  of  the  beds  observed  along  Indian  Creek.  It  is  not  known 
whether  the  phosphate  beds  occur  in  the  hills  between  Greys  River 
and  Snake  River  on  the  south  side  of  the  Snake.  East  of  the  Absa- 
roka fault  and  west  of  the  Wyoming  Range' the  Phosphoria  beds  lie  at  a 
great  depth,  as  in  this  area  the  surface  exposures  consist  of  beds  of 
Cretaceous  age.  The  outcrop  of  the  Phosphoria  formation  along  the 
west  side  of  the  Wyoming  Range  is  described  on  pages  23-24.    The 
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structure  between  the  Absaroka  fault  and  the  W^^oming  Range,  so 
far  as  known,  is  shown  in  figure  6. 

On  this  part  of  Snake  River  at  least  one  pronoxmced  anticline  and 
one  syncline  that  trend  about  north  cross  the  river  at  nearly  right 
angles.  It  is  not  known  what  beds  are  exposed  along  their  axes  in 
the  region  of  Snake  River.  If  the  beds  are  closely  folded,  as  they 
are  in  the  vicinity  of  Little  Greys  River,  beds  of  Jurassic  age  prob- 
ably crop  out  along  the  crest  of  the  anticline  and  beds  of  Cretaceous 
age  along  the  axis  of  the  syncline.  The  coal-bearing  Frontier  or 
Bear  River  formation  may  be  present  in  the  syncline  as  coal  has  been 
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reported  in  this  belt  on  Snake  River.  No  examination  was  made 
of  the  beds  along  Snake  River  between  the  Absaroka  fault  and  the 
mouth  of  Bailey  Creek,  and  it  is  not  known  what  beds  are  exposed 
at  the  surface. 

In  the  course  of  this  reconnaissance  examination  no  observations 
were  made  south  of  Snake  River,  but  it  is  known  from  earUer  work 
in  this  region  that  the  phosphate  deposits  occur  at  several  points 
farther  south.     South  of  Virginia  Peak  the  central  part  of  the  range 
consists  of  a  syncline  along  which  beds  of  Triassic  age  are  exposed. 
The  Salt  River  Range  is  terminated  on  the  east  by  the  Absaroka 
fault,  which  in  this  locahty  brings  Mississippian  limestone  into  con- 
tact with  Cretaceous  beds.    The  western  part  of  the  range  consists 
of  a  northwestward-trending  anticline,  in  places  overturned.    The 
phosphate  beds  crop  out  along  the  west  flank  of  this  anticline  and 
along  both  limbs  of  the  syncline  in  the  central  part  of  the  range. 
Toward  the  north  along  both  anticline  and  synchne  older  beds  appear 
at  the  surface,  and  west  and  north  of  Viiguoia  Peak  all  the  phos- 
phate beds  have  been  eroded  except  possibly  along  the  west  flank 
of  the  anticline,  where  they  may  be  concealed  by  the  gravel  and 
alluvium  along  Salt  River.    Whether  or  not  the  northwestward- 
trending  anticline  observed  in  this  part  of  the  Salt  River  Range  is 
the  southeastern  continuation  of  the  anticline  observed  near  the 
mouths  of  McCoy  and  Bear  creeks,  east  of  the  Caribou  Range,  was 
not  determined. 

As  the  Paleozoic  formations  run  nearly  parallel  to  the  Salt  River 
Range  it  is  probable  that  south  of  Viigiaia  Peak  the  phosphate  de- 
posits are  foimd  generally  along  the  range,  usually  well  up  toward 
its  crest,  and  there  is  reason  to  beheve  that  they  are  not  subject  to 
great  variations  in  richness  along  the  outcrop.  In  1910  C.  L.  Breger 
recognized  the  phosphate  beds  in  the  canyon  of  Swift  Creek  east  of 
Afton,  Wyo.  He  found  at  the  base  of  the  phosphate  beds  about 
42  feet  of  gray  limestone,  overlain  by  40  to  78  feet  of  soft  shaly  beds, 
inchding  phosphate  rock,  overlain  in  turn  by  more  than  100  feet  of 
massive  to  thin-bedded  chert.  It  is  beUeved  that  there  are  two 
phosphate  beds  in  the  shaly  strata  here,  the  lower  one  at  the  base 
aud  the  upper  one  about  45  feet  above  the  base.  The  thickness  of 
('ither  is  still  imknown,  but  pieces  of  the  float  from  the  upper  bed, 
consisting  of  massive  black  ooUte,  yielded  on  analysis  67.4  per  cent 
of  tricalcitun  phosphate.  Since  the  preparation  of  this  report  a 
reconnaissance  examination  for  phosphate  in  the  Salt  River  Range 
has  been  made  by  G.  R.  Mansfield.^ 

I  ICuBfieldp  a.  R.,  A  reconnaissanoo  for  phosphate  in  the  Salt  River  Range,  Wyo.:  U.  S.  Oeol.  Sarvey 
BoU.  630,  pp.  331-347, 1015. 
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BIOKOLX  KOUNTAIHS  AITD  WTOKIXra  BAHOZ. 
OSNSRAL  FBATURBB. 

The  Bighole  Mountains  and  Wyoming  Range  lie  immediately 
northeast  of  the  Snake  River  and  Salt  River  ranges  and  are,  like 
them,  terminated  on  the  east  by  a  pronounced  fault.  Deposits  of 
phosphate  have  been  observed  at  several  places  in  these  ranges, 
for  the  most  part  on  the  west  side  of  the  mountains/  whereas  in  the 
Snake  River  Range  the  deposits  lie  on  the  east  flank  of  the  main 
mountain  range.  Phosphate  outcrops  were  observed  at  several 
localities  on  the  west  slope  of  the  Wyoming  Range  southeast  of 
Snake  River.  On  Snake  River  in  the  vicinity  of  Counts's  ranch, 
several  miles  below  the  mouth  of  Hoback  River,  the  Phosphoria 
formation  and  the  overlying  and  underlying  rocks  were  noted  on 
the  southwest  flank  of  the  range.  In  the  Bighole  Mountains  the 
same  beds  were  observed  in  the  vicinity  of  station  39,  south  of 
Victor,  Idaho,  and  on  the  west  flank  of  the  range  in  the  vicinity  of 
stations  40  and  42,  but  were  not  seen  in  the  vicinity  of  the  head- 
watery  of  Pine  Creek,  where  the  road  crosses  the  divide  from  Teton 
Basin  to  Conant  Valley  on  Snake  River.  It  is  beheved  that  the 
phosphate  beds  here  are  cut  out  by  the  fault,  as  Cretaceous  beds 
occupy  the  crest  of  the  ridge.  The  phosphate  outcrop  was  not 
foimd  in  the  Bighole  Mountains  west  of  Victor  and  Driggs,  Idaho, 
as  the  8-inch  cover  of  snow  concealed  it  from  view.  From  the 
structure  and  from  the  overlying  and  underlying  beds  it  appears 
that  deposits  of  phosphate  occur  in  this  part  of  the  range,  alUiough 
locally,  as  in  the  upper  part  of  Pine  Creek,  the  phosphate  bed  may 
he  at  a  considerable  depth  below  the  surface.  Although  the  beds 
have  not  been  traced  for  any  distance  beyond  the  locality  where 
they  were  examined,  it  is  reasonable  to  assume  that  they  are  present 
in  this  range  from  the  headwaters  of  Canyon  Creek,  west  of  station 
42,  southeastward  to  Snake  River. 

WYOMING  RANGE  B0UTHEA8T  OF  SNAKE  RIYEB,  IN  THE  VICINITT  OF  BAILET  CREEK. 

In  the  summer  of  1906,  while  the  writer  was  mapping  the  geology 
southeast  of  Snake  River,  he  recognized  the  Park  City  beds,  which 
iDclude  the  Phosphoria  formation,  on  the  west  flank  of  the  Wyoming 
Range  and  traced  them  from  the  southern  part  of  Wyoming  north- 
ward to  Snake  River.  Phosphate  samples  were  obtained  at  several 
locaUties  toward  the  south,  but  none  were  collected  in  the  vicinity 
of  Snake  River.  The  Phosphoria  formation,  including  the  phosphate 
bed,  was  not  mapped  separately  at  this  time  but  grouped  with  the 
overlying  Woodside  and  Thaynes  formations.  It  is  reasonably  cer- 
tain that  the  bed  of  phosphate  occurs  in  this  part  of  the  range  and 
overUes  the  Pennsylvanian  sandstone  and  limestone  that  form  the 
west  slope  of  the  range  southeast  of  Snake  River. 
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irrOMINO  RANOB  IN  TKS  YIGINITT  OF  BNAKS  RIYXR. 

In  the  vicinity  of  Counts's  ranch,  on  the  opposite  bank  of  Snake 
River  in  the  NE.  i  sec.  32,  T.  39  N.,  R.  116  W.,  there  is  a  good 
exposure  of  the  phosphate  rock.     The  black  material  has  long  been 
supposed  to  be  coal,  and  the  deposit  has  been  considered  by  the 
inhabitants  as  a  possible  source  of  coal  for  local  use.     Here,  as  at 
other  places  farther  south,  the  deposit  consists  of  approximately  60 
feet  of  shale  representing  the  phosphate  rock.     The  richer  phosphate 
beds  alternate  with  black  phosphate,  shale,  and  limestone  that  cany 
a  small  amount  of  tricalcium  phosphate.    These  phosphate  beds  are 
not  the  northward  extension  of  the  beds  observed  on  the  west  flank 
of  the  range  east  of  Bailey  Creek  but  lie  on  the  east  side  of  the 
Darbj  fault.     The  northward  extension  of  the  Bailey  Creek  phos- 
phate beds  on  the  west  side  of  the  range  passes  beneath  the  gravel 
along  Snake  River  and  probably  lies  some  distance  west  of  the  expo- 
sures at  Counts's  ranch.    The  beds  on  Snake  River  east  of  the 
Darby  fault  in  the  vicinity  of  Counts's  ranch  crop  out  in  a  closely 
folded  anticline  that  crosses  Snake  River  in  a  southerly  direction 
and  is  broken  by  one  or  more  minor  faults.    The  structiu^  of  the 
range  is  much  more  complex  in  this  vicinity  than  it  is  farther  south, 
and  considerable  time  would  be  required  to  work  out  the  details 
and  trace  the  phosphate  outcrop  northward  to  the  vicinity  of  station 
39,  southwest  of  Victor,  Idaho.    Eliot  Blackwelder  visited  the  Snake 
River  locality  in  1910  and  measured  the  following  detailed  section, 
vhich  represents  fairly  well  the  Phosphoria  formation  in  this  part 
of  the  range: 

Section  ofphoaphaUe  bmU  in  the  northwest  bank  of  Snake  River  opposite  Counts's  ranch^ 

in  sec,  32,  T.  39  N.,  R.  116  W,,  Wyo, 

Top  overlain  unconfonnably  by  Tertiary  conglomerate.  Pt.     in. 
Shale  and  limeatone,  gray-buff  to  brown,  with  thin  black  phos- 

phatic  seams  here  and  there 20 

Fhoephate  rock,  brown  and  nodular  (21.2  per  cent  tricalcium 

phosphate) 2      6 

Fhoephate  rock,  black,  soft,  and  shaly  (random  sample,  68.5 

per  cent  tricalcium  phosphate) 9 

Chert,  dark  gray 12 

Shale,  black  and  probably  phosphatic 4 

Chert  and  seams  of  limestone,  passing  gradually  upward  into 

cherty  limestone  with  black  shale  partings 33 

Limestone,  earthy  buff  to  gray,  with  black  chert  nodules 20 

Sandstone,  soft  apd  white,  with  thin  beds  of  gray  chert 26 

Sandstone,  fine,  white,  and  very  soft 6 

limestone,  pearl-gray,  argillaceous 22 

Fliosphate  rock,  black  and  oolitic 2  J 

CSiert,  massive,  gray 6 
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Alternating  thin  beds  of  soft  oolitic  phosphate  rock  and  hard  Ft.   in. 
black  limestone  (probably  about  20  per  cent  tricalcium 

phosphate) 6    10 

Massive  brown  phosphate  rock  (66.3  per  cent  tricalcium  phos- 
phate)   2      5 

Limestone,  brittle,  black 1 

Phosphate  rock,  soft,  black,  granular  (20  to  30  per  cent  phos- 
phate)   3 

Limestone,  brittle,  black 2      6 

Phosphate  rock,  soft  and  shaly  (29.6  per  cent  phosphate) 4      6 

Limestone,  brittle,  black 2 

Phosphate,  black,  shaly,  and  granular,  with  lenses  of  black 
limestone  (average  of  entire  bed,  20.3  per  cent  tricalciimi 

phosphate) 12 

Limestone,  brittle,  black 1      3J 

Phosphate  rock,  soft,  shaly,  and  granular,  with  lenses  of  black 
limestone  (average  of  entire  bed,  31.2  per  cent  tricalcium 

phosphate) 12 

Limestone,  hard,  dark  gray 9 

Sandstone,  soft,  argillaceous,  gray 8 

Shale  and  limestone,  smoky  gray  to  buff 22 

Quartzite;  white  to  buff  (Wells  formation) 47 

BIGHOLE  MOUNTAINS   SOUTH   OP  VICTOR,    IDAHO. 

In  the  vicinity  of  station  39,  in  T.  2  N.,  R.  45  E.,  south  of  Vict 
Idaho,  the  series  of  rocks  exposed  is  the  same  as  that  observed  e 
of  Bailey  Creek  in  the  Wyoming  Range,  south  of  Snake  Ri^^ 
(See  fig.  6,  p.  48.)  The  beds  have  practically  the  same  relatic 
and  are  terminated  on  the  northeast  by  a  pronounced  fault,  beUe^ 
to  be  the  northward  extension  of  the  Darby  fault,  that  separa 
them  from  the  beds  along  the  west  flank  of  the  Teton  Mountai 
in  the  south  end  of  Teton  Basin.  The  oldest  beds  exposed  in  1 
vicinity  of  station  39  lie  near  the  east  base  of  the  Bighole  Moi 
tains,  where  Carboniferous  rocks,  probably  of  Pennsylvanian  a 
occur.  The  Carboniferous  rocks  are  exposed  for  a  distance  of  seve 
miles  in  a  northwesterly  direction  along  the  fault  contact,  but  i 
outcrop  is  cut  out  entirely  by  the  fault  before  the  beds  pass  bene( 
the  gravels  and  valley  fill  along  the  west  side  of  Teton  Basin,  oi 
to  reappear  several  miles  to  the  northwest,  in  Tps.  4  and  5  N., 
44  E.,  where  they  form  a  pronounced  range  of  hills  facing  Tet 
Basin.  The  summit  of  the  hill  on  which  station  39  is  located  c< 
sists  of  Nugget  sandstone  that  strikes  N.  10°  W.  and  dips  45°  S 
This  sandstone  is  overlain  by  a  considerable  thickness  of  dark-di 
limestone  and  shaly  beds  of  the  Twin  Creek  formation.  These  b( 
may  represent  the  eastern  extension  of  the  Twin  Creek  limestc 
observed  on  the  upper  part  of  Rainy  Creek,  as  the  strike  and  < 
are  in  the  same  direction.  It  is  very  probable,  however,  that  thi 
is  another  anticlinal  fold  between  these  two  localities.    No  examii 
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tion  was  made  of  the  intervening  area,  and  the  structure  in  this  part 
of  the  range  may  be  more  complex  than  it  appears  from  a  distance. 
It  is  not  probable,  however,  that  the  phosphate  beds  are  exposed  at 
the  surface  along  a  line  joining  these  two  localities.  The  Phosphoria 
formation  and  the  overlying  formations  from  the  Phosphoria  to  the 
Nugget  sandstone  appear  to  be  present  in  their  normal  position  on 
top  of  the  Carboniferous  rock  between  station  39  and  the  crest  of 
the  range  northeast  of  station  40,  west  of  the  Darby  fault.  As  the 
ground  was  covered  by  a  heavy  fall  of  snow  at  the  time  of  the 
writer's  visit  neither  the  phosphate  bed  nor  any  fragments  of  phos- 
phate float  were  found,  but  the  general  structure  of  the  region  and 
the  presence  of  the  accompanying  formations  indicate  that  the 
Phosphoria  formation  occurs  here  and  can  no  doubt  be  readily  found 
under  favorable  conditions. 

NORTH   END   OP  BIGHOLE   MOUNTAINS. 

Northwest  of  station  39  along  the  strike  of  the  beds  all  the  forma- 
tions overlying  the  hard  pink  sandstone  (Nugget  sandstone) 
apparently  extend  to  stations  40  and  42  and  beyond.  There 
appear  to  be  some  minor  displacements  and  secondary  folds,  but 
on  the  whole  the  structure  is  comparatively  simple.  Cretaceous 
beds  form  the  main  part  of  the  divide  where  the  road  from  Victor, 
Idaho,  to  the  Snake  River  vaUey  crosses  the  range.  These  beds  con- 
tain coal  and^are  beUeved  to  be  of  Bear  River  and  Benton  (Colorado) 
age  and  equivalent  to  the  Bear  River  and  Frontier  coals  in  western 
Wyoming,  south  of  Snake  River.  Whether  or  not  the  coals  are 
continuous  along  this  belt  or  whether  the  Frontier  formation  is 
present  only  in  places  between  the  Darby  and  Absaroka  faults  from 
Snake  River  northward  to  Canyon  Creek,  where  the  older  beds  are 
concealed  beneath  the  lava  flow,  or  whether  the  coal  beds  in  this 
part  of  the  range  all  belong  to  the  Bear  River  formation,  was  not 
determined.  Much  of  this  area  has  never  been  mapped  geologically, 
and  coal  prospecting  has  been  restricted  largely  to  the  vicinity  of 
Pine  Creek,  where  considerable  work  has  been  done  during  1911  and 
1912  with  more  or  less  success. 

The  Carboniferous  beds  and  those  inunediately  overlying  them 
appear  to  be  cut  out  by  the  fault  a  short  distance  northwest  of 
station  39,  or  they  may  have  been  eroded  and  lie  btiried  beneath 
the  gravels  along  Fine  (>eek,  on  the  west  side  of  Teton  Basin.  More 
detailed  work  will  no  doubt  show  what  has  become  of  these  beds  in 
the  region  of  Pine  Creek  southwest  of  Victor.  The  entire  series  of 
Carboniferous  rocks  and  overlying  beds  reappear  north  of  station  40 
and  are  apparently  continuous  from  this  locahty  northwestward  to 
station  42  and  beyond,  where  they  pass  beneath  the  lava-covered 
plains  along  the  headwaters  of  Canyon  Creek.    The  oldest  beds  in 
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the  section  occur  north  of  station  40,  and  it  is  belieired  that  these 
beds  are  older  than  Mississippian.  The  crest  of  the  ridge  at  station 
42  consists  of  Madison  limestone  that  strikes  northwest  and  dips 
for  the  most  part  southwest.  A  little  farther  northeast,  along  the 
fault  escarpment  at  the  northeast  extremity  of  the  ridge,  occur 
quartzites  of  Pennsylvanian  age  that  strike  north  and  dip  10^-65^  E. 
Minor  folding  and  faulting  were  observed  along  this  part  of  the  range, 
but  time  was  not  available  to  work  out  the  structure  in  detail. 
Southwest  of  station  42  the  beds  strike  N.  40""  W.  and  dip  30''  SW., 
and  the  entire  series  of  beds  overlying  the  Carboniferous  are  as  f uUy 
developed  in  this  vicinity  as  they  are  southwest  of  stations  39  and  40. 
The  crest  of  the  hills  on  which  station  40  is  located,  like  that  at 
station  39,  consists  of  hard  pale-red  or  pink  sandstone,  which  in 
places  19  almost  quartzitic.  For  a  considerable  distance  this  ridge 
forms  the  main  divide  between  Snake  River  and  Teton  Basin  and  is 
•  capped  by  this  heavy  massive  quartzite  or  sandstone,  which  is  prob- 
ably equivalent  to  the  Nu^et  sandstone  of  western  Wyoming  and 
eastern  Idaho.  Between  this  sandstone  and  the  uppermost  Car- 
boniferous beds,  composed  of  drab  and  gray  cherty  limestone, 
occurs  a  series  of  deep-red  arenaceous  shales  and  sandstones,  with 
associated  gray  and  drab  limestone,  which  form  a  wide  belt  of 
brilliant-colored  exposures  in  the  northeast  face  of  the  ridge  at 
station  40  and  can  be  seen  from  a  distance  passing  to  the  southwest 
of  station  42  and  beyond  imtil  they  disappear  beneath  the  lava 
plains.  At  the  base  of  this  series,  overlying  the  Pennsylvanian  beds, 
is  the  Phosphoria  formation.  Owing  to  the  heavy  cover  of  snow  it 
was  not  practicable  to  try  to  locate  the  phosphate  bed  or  to  measure 
the  thickness.  From  what  is  known  of  the  geology  and  structure  of 
this  part  of  the  range  and  from  the  reported  prospects  along  the 
headwaters  of  Canyon  Creek,  where  the  continuity  of  the  phosphate 
bed  has  been  shown,  it  seems  reasonably  certain  that  the  phosphate 
deposits  are  present  throughout  this  part  of  the  Bighole  Mountains. 
St.  John,^  in  his  report  on  the  ^'Pierres  Hole"  (Bighole)  Mountains, 
gives  a  section  through  station  40  and  a  profile  showing  the  relations 
of  the  beds  to  one  another  in  that  part  of  the  range  along  a  line  that 
passes  through  stations  40  and  42.  The  entire  section  described  by 
him  has  not  been  examined,  but  it  appears  that  the  2,000  feet  of 
beds  in  his  section  numbered  from  1  to  14  represent  the  Carboniferous 
and  underlying  beds.  It  is  reasonably  certain  that  they  include 
beds  of  Pennsylvanian  and  Madison  (lower  Mississippian)  age,  and 
they  may  include  some  older  beds  at  the  base.  The  2,500  feet  of 
beck  numbered  from  15  to  26  represent  the  Phosphoria  formation, 
Woodside  formation,  Thaynes  limestone,  Ankareh  shale,  add  Nugget 
sandstone.     The  1,200  feet  of  beds  numbered  from  27  to  34  probably 

1  St.  John,  Orestes,  U.  S.  Oeog.  and  Oeol.  Survey  Terr.  Eleventh  Ann.  Rept.,  pp.  425, 437, 1870. 
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represent  the  Twin  Creek  limestone.  The  540  feet  of  beds  numbered 
from  35  to  38  represent  part  of  the  Beckwith  formation.  It  appears 
from  his  descriptions  that  this  section  contains  no  part  of  the  over- 
Ijrisg  Cretaceous  beds. 

Northeast  of  station  42  a  pronounced  thrust  fault,  which  is  believed 
to  be  the  northwestward  extension  of  the  Darby  fault,  brings  the 
Carboniferous  beds  into  contact  with  the  Cretaceous  and  underlying 
beds  on  the  east.  The  Cretaceous  beds  east  of  the  fault  belong  to  the 
Frontier  formation  and  are  of  Benton  age.  In  a  hard  ledge  of  sand- 
stone on  Packsaddle  Creek,  in  the  SW.  i  SW.  i  sec.  24,  T.  5  N., 
R.  43  E.,  the  writer  found  numerous  fragments  and  several  complete 
casts  of  Inoceramus  hMatus,  Inoceramus  erectuSy  and  other  associated 
Frontier  species,  which  place  these  beds  and  their  associated  coals 
in  the  Frontier  formation.  Several  beds  of  coal  occur  in  this  forma- 
tion and  are  discussed  in  more  detail  under  the  heading  '^Coal." 
The  Frontier  beds  near  the  fault  line  strike  N.  20®-35°  W.  and  dip 
from  50^  S.  70**  W.  to  60°  S.  65°  W.  Toward  the  east  at  right  angles 
to  the  beds  the  dip  flattens  shghtly  as  far  as  the  ridge  in  sees.  19,  30, 
and  32,  T.  6  N.,  R.  44  E.,  which  is  composed  of  Jurassic  beds.  This 
ridge  trends  northwest  and  the  beds  dip  54°  SW.  East  of  the  ridge 
the  Frontier  formation  observed  on  the  west  side  is  again  encountered. 
A  few  coal  prospects  have  been  opened  in  these  beds,  but  they  have 
not  been  thoroughly  prospected.  The  beds  strike  north  and  dip 
10°  W. 

The  occurrence  of  Frontier  coals  both  east  and  west  of  the  Jurassic 
ridge,  all  of  which  dip  toward  the  west,  indicates  an  overturned  anti- 
cline or  a  fault  along  the  east  side  of  the  Jurassic  ridge,  which  dupli- 
cates the  Cretaceous  beds.  The  structure  is  somewhat  complex,  and 
more  detailed  work  is  required  to  determine  accurately  the  relation 
of  the  coal  beds  on  the  east  and  west  sides.  The  overturning  of  the 
anticline,  if  it  occurred,  was  probably  due  to  the  large  thrust  move- 
ment from  the  west.  East  of  the  anticline  is  an  overturned  sjmcline, 
east  of  which  in  turn  is  another  low,  flat  anticline  that  probably 
represents  the  western  mai^in  of  the  broad,  open  synclinal  trough 
of  the  Teton  Basin.  The  Teton  Basin  syncline  and  the  low  anticline 
along  its  western  margin  are  for  the  most  part  concealed  beneath 
Tertiary  lavas.  The  writer's  observations  in  this  part  of  the  Bighole 
Mountains,  made  during  a  brief  reconnaissance  when  much  of  the 
ground  was  covered  by  snow,  agree  fairly  well  with  the  results 
reported  by  St.  John.*  They  do  not,  however,  confirm  his  conclu- 
sions r^arding  the  fault  east  of  station  42,  for  this  fault  is  thought 
to  be  a  thrust  fault  instead  of  a  normal  fault  as  shown  in  his  profile, 
which  passes  through  station  42  across  the  north  end  of  the  range. 

>  St.  John,  Orestes,  op.  dt.,  pp.  430, 432,  pi.  38. 
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No.  1  of  St.  John's  section  through  station  42  represents  the  Tertiary 
lava  that  conceals  the  nnderljing  formations  in  the  Teton  Basin. 
These  beds  dip  about  15^  E.  Beds  2  to  4  represent  in  part  the  Fron- 
tier formation  and  the  underlying  Cretaceous  rocks.  Beds  5  to  12 
represent  the  Jurassic  beds  exposed  in  a  prominent  ridge  east  of 
station  42  and  are  chiefly  of  Beckwith  age,  although  some  Twin  Creek 
Umestone  is  exposed  in  parts  of  the  ridge.  Beds  5  and  12  are  believed 
to  represent  the  same  stratigraphic  ledge.  Beds  13  to  17  represent 
Cretaceous  beds  lying  between  the  Jurassic  ridge  and  the  Carbonifer- 
ous beds  west  of  the  Darby  fault  and  include  the  Frontier  formation. 
Bed  18  represents  the  Pennsylvanian  and  the  Madison  limestone 
west  of  the  fault  that  forms  the  eastward-facing  scarp  of  the  mala 
mountain  range.  The  Jurassic  ridge  east  of  station  42  and  the  asso- 
ciated Cretaceous  beds  both  east  and  west  of  the  ridge  disappear 
beneath  the  Tertiary  lavas  within  a  short  distance  to  the  north,  but 
toward  the  southeast  they  extend  to  the  western  border  of  Teton 
Basin,  where  they  have  been  eroded  and  are  now  covered  by  recent 
deposits.  Coal  beds  of  the  Frontier  formation  may  also  occur 
beneath  a  large  part  of  the  Teton  Basin  east  of  the  easternmost 
anticline  observed,  but  no  exposures  of  coal  were  seen  on  the  east 
side  of  the  Jurassic  ridge  east  of  the  exposures  on  Horseshoe  and 
Packsaddle  creeks. 

Although  the  phosphate  beds  probably  underlie  all  of  the  Teton 
Basin  syncline  from  the  Darby  fault  east  to  the  phosphate  exposures 
along  the  west  flank  of  the  Teton  Mountains  east  of  Driggs  and  Victor, 
Idaho,  no  exposures  of  these  beds  were  seen  between  the  Darby 
fault  and  the  east  side  of  Teton  Basin.  If  present  these  beds  lie  at 
a  considerable  depth  below  the  surface. 

TBTOV  M OTTVTAnra. 

The  Phosphoria  formation  is  exposed  in  the  Teton  Mountains  only 
near  the  south  end  along  the  western  flank  of  the  range.  The  east 
side  of  the  range  is  boimded  by  a  pronounced  fault,  and  all  the  beds 
composing  the  range  west  of  the  fault  to  the  west  slope  are  older 
than  the  Phosphoria  formation.  Along  the  west  slope  of  the  range, 
where  the  Phosphoria  formation  crops  out,  the  phosphate  beds  are 
poorly  exposed.  Farther  north  the  lower  slopes  of  the  range  are 
covered  by  gently  westward-sloping  sheets  of  Tertiary  lava  that  con- 
ceal the  phosphate  and  underlying  beds.  Phosphate  deposits  were 
observed  by  the  writer  in  1911  along  the  west  slope  of  the  range  east 
of  Victor,  Idaho,  between  Moose  and  Fox  creeks,  but  no  section  of 
the  bed  was  measured.  Eliot  Blackwelder,  in  1910  and  1912, 
examined  the  beds  from  the  vicinity  of  Alta,  Wyo.,  where  they  pass 
beneath  the  lava  cover,  southward  to  the  south  end  of  the  Teton 
Basin.    At  the  south  end,  where  the  Teton  Mountains  merge  with 
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the  Bighole  Mountains,  the  phosphate  beds  that  underlie  Teton 
Basin  become  folded  in  a  sharp,  compressed  syncline  between  the 
Teton  Mountains  on  the  east  and  the  beds  west  of  the  Darby  fault 
northeast  of  station  39.  The  outcrop  of  the  phosphate  bed  along 
this  part  of  the  range  is  shown  on  Plate  I.  Near  the  mouth  of  Coal 
Creek,  in  T.  41  N.,  R.  118  W.,  Wyo.,  an  old  coal  prospect  dump 
shows  a  soft  black  material  which  represents  th^  location  of  the 
phosphate  bed.  The  tunnel  was  dug  about  26  years  ago  on  the 
supposition  that  a  valuable  bed  of  coal  could  be  opened  at  this  place. 
The  prospect  is  now  badly  caved,  and  a  good  section  of  the  bed  can 
not  be.  measured  without  considerable  prospecting  or  digging. 
Blackwelder,  who  Visited  the  prospect  in  1910,  states  that  the  phos- 
phate bed  appears  to  be  several  feet  thick  and  ranges  from  soft 
black  oolite  to  earthy  phosphate  rock.  The  oolite  yields  52.2  per 
cent  of  tricalcium  phosphate,  and  a  general  sample  of  all  the  material 
on  the  dump  yields  20.S  per  cent  of  tricalcium  phosphate. 

In  1911  John  Cluif,  of  Victor,  Idaho,  was  opening  a  prospect  in 
the  vicinity  of  sec.  15,  T.  41  N.,  R.  118  W.,  with  the  expectation  of 
finding  a  local  supply  of  coal  for  Victor  and  the  Teton  Basin.  He 
reports  that  the  beds  here  strike  northwest  and  dip  45°  SW.,  and  that 
the  supposed  coal  bed  is  5  feet  thick.  A  sample  of  this  material 
sent  in  for  analysis  yielded  a  trace  of  phosphorus  pentoxide  (P2O5) 
and  showed  evidence  of  organic  matter  supposed  to  be  coal.  From 
the  sample  it  appears  that  the  prospect  was  opened  on  the.  phos- 
phatic  series  and  represents  the  carbonaceous  shale  accompanying  the 
main  phosphate  bed,  which  in  places  yields  from  50  to  80  per  cent 
tricalcium  phosphate. 

The  only  section  of  the  phosphate  beds  available  along  the  west 
flank  of  the  Teton  Mountains  was  measured  by  Eliot  Blackwelder, 
in  1912,  while  mapping  a  part  of  the  Grand  Teton  quandrangle. 
Most  of  the  Phosphoria  formation,  the  top  of  which  has  been  in  part 
removed  by  erosion  and  the  base  of  which  indicates  a  slightly  eroded 
contact,  is  well  exposed  on  the  slope  of  the  ravine  between  Darby 
and  Fox  creeks  in  what  will  probably  be  when  surveyed  sec.  29,  T. 
43  N.,  R.  188  W. 

Section  of  Phosphoria  formation  on  Darby  Creek,  Wyo. 

[Measured  by  Eliot  Blackwelder.) 

Feet. 

Brown,  cherty  sandstones  with  tubular  bodies  of  chert 30+ 

Maasive  friable  gray  dolomite  with  chert  nodules  and  traces  of 

marine  fossils 19 

White  soft  sandstone 1.  5 

Chiefly  thin-bedded  yellow  and  pink  dolomite,  chert  and  sand- 
stone; concealed  in  part 21 

Gray  to  buff  shaly  dolomite  and  chert 8 

Yellow  shale  and  aigillaceous  dolomite 7. 5 
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Massive  gray  oolitic  phosphate  rock,  containing  68.2  per  cent  tri-  Feet. 

calcium  phosphate 0. 8 

Olive-gray  chert 1. 9 

Gray  oolitic  phosphate  rock,  containing  73.2  per  cent  tricalcium 

phosphate 9 

Massive  gray  chert  with  dolomite 4 

Fine-grained  oolitic  phosphate  rock,  containing  71.8  tricalcium 

phosphate 6 

Dense  gray  dolomite 3 

Pisolitic  blue-black  phosphate  rock,  containing  72.9  per  cent  tri- 
calcium phosphate;  white  selected  coarse  pisolitic  layer  con- 
tains 75.9  per  cent 1. 5 

Massive  gray  chert 1.1 

Gray  oolitic  phosphate  rock,  containing  76.4  per  cent  tricalcium 

phosphate 8 

Dark-gray  sandy  phosphatic  breccia,  at  the  base  of  which  is  a 
slightly  eroded  contact 5 

99.4 

JAOKSOV  HOLB  AVB  VIOIHZTY. 

No  detailed  examination  has  been  made  of  the  area  in  the  vicinity 
of  Jackson,  Wyo.,  between  the  Teton,  Hoback,  and  Gros  Ventre 
mountains.  Phosphate  deposits  are  known  to  occur  on  the  north  and 
south  sides  of  the  Gros  Ventre  Moimtains  and  at  several  places  along 
the  Hoback  Range.  The  geology,  structure,  and  phosphate  deposits 
of  these  ranges  are  discussed  more  fully  in  previous  pubhcations.^ 
The  structure  in  the  vicinity  of  Jackson  is  complex  and  is  as  yet  only 
partly  imderstood,  owing  to  the  widespread  cover  of  the  older  rocks 
by  Tertiary  beds  and  alluvium  along  Snake  River.  For  this  reason 
exposures  of  phosphate  rock  are  meager,  and  a  detailed  examination 
is  necessary  to  determine  the  structure  and  distribution  of  the  phos- 
phate beds  in  this  locality.  Although  phosphate  exposures  have  not 
been  found,  it  is  known  that  phosphate  occurs  in  this  area.  In  sees. 
17,  18,  19,  and  33,  T.  41  N.,  R.  116  W.,  fragments  of  phosphate  rock 
were  foimd  in  such  relations  as  to  indicate  that  the  phosphate  bed 
lies  immediately  beneath  the  surface.  In  the  NW.  ^  sec.  33  Eliot 
Blackwelder  in  1911  found  in  the  soil  and  debris  at  a  definite  horizon 
just  above  the  Pennsylvanian  sandstone  abimdant  quantities  of 
weathered  black  ooUtic  phosphate  rock,  which  occurs  near  the  base 
of  the  Phosphoria  formation.  Samples  of  this  float  on  analysis 
yielded  61.3  per  cent  of  tricalcium  phosphate.  Outside  of  these  two 
localities  and  the  area  south  of  Jackson,  at  the  north  end  of  the 
Hoback  Range,  no  deposits  of  phosphate  are  known  to  occur  in  the 
area  east  of  Snake  River  and  north  of  the  Wyoming  Range. 

1  U.  S.  Qeol.  Survey  Bull.  470,  pp.  45^-481,  1911;  Bull.  543, 1914. 
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DEVELOPMENT  OP  PHOSPHATE   DEPOSITS. 

The  phosphate  industry  in  the  Rocky  Mountain  region  has  made 
progress  slowly.  In  1913  approximately  5,919  long  tons  of  phos- 
phate rock  was  mined,  of  which  5,053  tons  was  sold  for  $18,167, 
an  average  price  of  $3.57  a  ton.  This  production  was  less  than  0.5 
per  cent  of  the  entire  phosphate  production  of  the  United  States  in 
1913.  In  1916  the  proportion  was  only  0.08  per  cent.  Part  of  this 
la<^  of  progress  may  be  attributed  to  the  fact  that  some  of  the  early 
properties  have  been  involved  in  litigation,  part  to  the  high  cost  of 
transporting  the  phosphate  to  localities  where  it  is  needed  for  depleted 
soQs,  and  part  to  the  fact  that  as  yef  comparatively  few  agriculturists 
fully  appreciate  the  increased  production  possible  by  the  use  of 
phosphate  fertilizer. 

Thus  far  phosphate  rock  has  been  shipped  in  the  West  for  com- 
mercial use  from  only  a  few  localities  in  the  West.  All  the  localities 
at  which  small  mines  have  been  opened  and  from  which  rock  has  been 
shipped  are  in  the  Bear  Lake  region,  in  southeastern  Idaho,  north- 
eastern Utah,  and  western  Wyoming,  where  the  deposits  were  first 
discovered.  Slight  as  the  development  has  been  in  these  older 
localities,  there  is  still  a  marked  contrast  between  them  and  the  area 
described  in  this  report,  for  in  this  area  the  phosphate  deposits  have 
received  practically  no  attention  from  the  prospector,  and  their  very 
existence  seems  to  be  imknown  to  him  or  to  the  inhabitants.  What 
little  prospecting  has  been  done  along  the  phosphate  outcrop  was 
undertaken  with  the  idea  of  opening  coal  mines  from  which  a  supply 
of  coal  could  be  obtained  for  local  use.  The  phosphate  beds  have 
been  prospected  in  Wyoming  for  coal  on  Snake  River  south  of  Jack- 
son Hole  and  at  the  mouth  of  Coal  Creek,  near  the  southeast  end  of 
Teton  Basin:  and  in  Idaho  on  Patterson  Creekj  on  North  Fork  of 
Rainy  Creek  and  Palisade  Creek  east  of  Swan  Basin,  in  Bums  Can- 
yon, and  on  the  headwaters  of  Canyon  Creek,  in  the  Bighole  Moim- 
tams.  Although  coal  has  been  reported  from  these  beds  at  many 
phices  in  the  moimtains  north  of  Snake  River,  active  prospecting  was 
soon  abandoned  at  these  places  and  most  of  the  prospect  pits  and 
tunnels  are  now  so  badly  caved  that  they  can  not  be  explored  and 
the  phosphate  beds  can  not  be  measured  without  much  additional 
labor.  Most  of  the  old  prospects  were  abandoned  because  the  pros- 
pectors failed  to  discover  coal  of  good  grade  and  the  real  nature  of 
the  beds  apparently  remained  imknown. 

No  detailed  work  has  been  done  in  this  field  on  which  to  base  an 
estimate  of  the  quantity  of  phosphate  rock  available.  It  is  apparent, 
however,  from  the  reconnaissance  examination  that  in  the  Snake 
River  Range,  Bighole  Mountains,  and  Teton  Range,  particularly 
abng  the  east  side  of  Teton  Basin,  a  lai^e  amount  of  phosphate  is 
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present.  Every  acre  underlain  by  a  fiat  bed  of  phosphate  4  feet  thick 
would  yield  approximately  14,000  tons,  and  where  the  phosphate  bed 
is  steeply  tilted  the  amount  beneath  an  acre  is  much  greater. 

The  phosphate  beds  along  the  southeast  side  of  Teton  Basin  and 
in  the  Bighole  Mountains  are  near  the  tracks  of  the  Victor  branch  of 
the  Oregon  Short  Line  Railroad.  In  the  Snake  River  Range  they  lie 
some  distance  from  the  Yellowstone  branch  of  the  Oregon  Short  Line, 
but  are  readily  accessible  by  wagon  roads  up  the  Snake  River  valley 
from  Rexburg  and  Rigby,  Idaho.  The  Rigby  route  is  one  that  offers 
no  unusual  difficulties  for  the  construction  of  a  railroad  which  with  a 
short  haul  would  place  the  phosphate  on  the  main  line  of  the  Oregon 
Short  Line  from  Butte,  Mont.,  to  Salt  Lake  City,  Utah.  The  Or^on 
Short  Line  has  made  two  preliminary  surveys  from  Idaho  Falls, 
Idaho,  up  Snake  River  to  Jackson,  Wyo.,  the  first  in  1905  and  the 
second  in  1912.  As  soon  as  this  road  is  built  it  will  bring  railroad  ship- 
ping facilities  in  the  Snake  River  Range  within  a  few  miles  of  the 
phosphate  deposits,  as  the  road  will  extend  along  the  west  base  of 
the  range  approximately  parallel  to  the  phosphate  outcrop.  The 
position  of  the  alinement  survey  is  shown  on  the  map  (PI.  I)  by  a 
single  black  line  along  Snake  River  from  Jackson,  Wyo.,  to  the  west 
boundary  of  the  area,  west  of  Prospect,  Idaho.  The  completion  of 
this  raQroad  would  materially  alter  the  economic  conditions  of  this 
part  of  Idaho  and  Wyoming,  increase  the  agricultural  population  in 
Jackson  Hole  and  Snake  River  and  Salt  River  valleys,  tend  to  make 
the  district  more  popular  than  ever  as  the  best  hunting  ground  for 
big  game  in  the  United  States,  and  greatly  stimulate  mining  activities 
in  the  phosphate  and  coal  fields. 

UTILIZATION   OF  BOCK  PHOSPHATE. 

The  mining  of  rock  phosphate  in  eastern  Idaho,  Utah,  and  western 
Wyoming  is  controlled  almost  entirely  by  the  concerns  that  manu- 
facture and  sell  phosphate  fertilizer,  so  that  quotations  of  market 
value  of  the  raw  rock  at  the  mines  are  not  readily  available  and  do 
not  represent  competitive  values.  All  the  rock  phosphate  now  shipped 
from  eastern  Idaho  or  western  Wyoming  is  sent  to  the  Pacific  coast, 
where  it  is  used  in  the  manufacture  of  fertilizers.  In  this  treatment 
the  rock  is  finely  groimd  and  combined  with  sidphuric  acid  in  nearly 
equal  parts  by  weight,  forming  acid  tricalcium  phosphate.  This 
material  when  dried  and  pulverized  constitutes  the  substance  sold 
as  superphosphate. 

The  principal  use  of  the  phosphate  rock  is  to  fertilize  farm  lands 
that  are  deficient  in  phosphorus,  one  of  the  three  essential  mineral 
plant  foods  which  are  not  ordinarily  present  in  agricultural  soils  in 
excess  of  the  needs  of  growing  plants,  the  other  two  being  potash  and 
nitrates.    The  need  for  phosphate  will  undoubtedly  become  more 
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apparent  with  the  deterioration  of  western  grain  lands.  Further- 
moFB,  some  of  the  virgin  lands  may  be  deficient  in  this  material  and 
would  be  improved  by  its  application.  Although,  as  principally  used 
m  fertilizers,  phosphate  is  converted  into  the  more  readily  soluble 
fonns,  recent  experiments  indicate  that  if  the  crushed  rock  is  appUed 
directly  to  the  soil  the  phosphorus  is  gradually  made  available  to  the 
plants,  and  it  is  likely  that  in  this  form  rock  phosphate  may  find  one 
of  its  most  important  future  applications. 

The  chief  obstacle  to  the  development  of  the  western  phosphate 
industry  at  present  is  the  high  cost  of  transporting  the  bulky  products 
and  the  lack  of  markets  sufficiently  near  to  warrant  the  exploitation 
of  the  deposits.  Much  of  the  agricultural  land  of  the  Western  States 
is  relatively  new,  and  as  its  original  phosphates  have  not  been  ex- 
hausted by  past  crops  it  is  less  in  need  of  fertilizers,  except  where 
the  virgin  lands  are  deficient  in  phosphorus,  than  the  older  farm 
lands  in  thickly  settled  communities  of  the  East  and  South. 

The  use  of  fertilizers  is  said  to  be  fast  increasing  on  the  Pacific 
coast,  also  in  other  parts  of  the  West  where  intensive  farming  is 
practiced.  There  will  henceforth  probably  be  a  more  rapidly  growing 
market  for  fertilizer  products  in  both  the  middle  West  and  the  far 
West,  and  it  is  to  this  territory  that  the  western  phosphate  producer 
must  look  primarily  for  markets. 

ANALYSES   OF  PHOSPHATE  BOCK. 

A  number  of  samples  representing  phosphate  rock  in  place  and  phos- 
phate float  were  collected  along  the  outcrop  in  the  Caribou,  Salt  River, 
Snake  River,  Bighole,  Wyoming,  and  Teton  mountains,  and  these 
have  been  analyzed  in  the  laboratory  of  the  United  States  Geological 
Sur7ey  with  the  residts  set  forth  below.  Many  of  these  samples  repre- 
sent small  pieces  of  rock  from  a  part  of  the  phosphate  bed  that  is  but 
poorly  exposed.  Although  the  material  is  the  best  at  hand,  the 
samples  and  analyses  can  hardly  be  considered  truly  indicative  of  the 
character  of  the  material  in  the  imdisturbed  bed,  which  may  give 
much  better  results.  The  localities  from  which  samples  of  rock 
phosphate  or  float  were  obtained  are  indicated  on  Plate  I  by  letters 
A  to  J,  b^lnning  in  the  southeastern  part  of  the  area.  Localities  A  to 
F  are  in  Wyoming,  and  G  to  J  in  Idaho. 
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The  analyses  show  considerable  variation  but  they  indicate  the 
presence  of  some  high-grade  ore  that  contains  approximately  the 
equivalent  of  70  per  cent  of  tiicalcium  phosphate.  The  average  of 
ore  now  being  shipped  from  southeastern  Idaho,  northeastern  Utah, 
and  southwestern  Wyoming  runs  ^bout  70  per  cent  tricalcium  or  bone 
phosphate.  Experience  has  shown,  however,  that  weathered  phos- 
phate rocks  are  commonly  enriched  3  to  5  per  cent  more,  owing  to 
the  leaching  of  the  more  soluble  lime  carbonate,  and  that  a  deposit 
may  therefore  show  a  higher  value  at  or  near  the  surface  than  at 
greater  depths.  On  the  other  hand,  it  should  be  remembered  that 
commonly  in  a  region  like  that  examined  only  the  harder  and  more 
siliceous  fragments  are  f oimd  along  the  outcrop  or  exposed  at  the  sur- 
face, and  these  may  represent  a  lower  value  than  the  richer  layers  of 
the  main  phosphate  bed. 

OOAIi. 
GENERAL  OCCURRENCE. 

Beds  of  coal  have  been  found  at  several  localities  in  this  field  and 
are  at  present  being  mined  in  a  few  places.  Most  of  the  coal  beds 
that  have  been  exploited  are  of  Cretaceous  age,  belong  to  the  Frontier 
formation,  and  represent  the  northward  extension  of  the  coal  beds 
which  are  so  extensively  developed  and  on  which  active  mines  are 
located  in  southern  Lincoln  County,  Wyo.,  from  Cumberland  north- 
ward to  Fontanelle  Creek,  several  miles  north  of  Frontier.  Beds  of 
coal  are  also  foimd  in  rocks  stratigraphicaUy  below  the  Frontier 
formation,  which  probably  represent  the  Bear  River  coals  that  have 
been  prospected  in  the  vicinity  of  Sage,  Wyo.,  but  on  which  no  active 
mines  are  located.  The  coal  beds  in  this  formation  consist  of  coaly 
shale  with  some  impure,  irregular  lenses  of  coal,  ranging  in  thickness 
from  a  few  inches  to  4  or  6  feet.  As  a  rule  the  coaly  portions  of  these 
beds  are  not  persistent  but  wedge  in  and  out.  Lumps  of  usable  coal 
may  be  obtained  here  and  there,  but  commercial  development  on  a 
laige  scale  is  impracticable.  The  coal  beds  are  widely  distributed 
but  may  readily  be  separated  on  structural  features  into  three  areas — 
the  Willow  Creek  and  Grays  Lake  area,  the  Pine  Creek  and  Greys 
River  area,  and  the  Teton  Basin  and  McDougal  area.  No  special 
effort  was  made  to  map  the  coal  beds  in  any  of  these  areas  or  to  col- 
lect sufficient  data  upon  which  to  base  a  classification.  Wherever 
possible  notes  on  their  occurrence  were  made,  and  in  a  general  way 
the  distribution  of  the  coal-bearing  rocks  was  ascertained  while  the 
phosphate  beds  were  being  examined,  although  the  two  for  the  most 
part  do  not  occur  near  together.  As  a  result  of  this  preliminary 
reconnaissance  examination  979,901  acres,  included  in  an  outstand- 
ing coal  withdrawal  in  eastern  Idaho,  was  restored  to  entry  on  May 
19,  1913. 
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WILLOW  GBEEK  AND  GRAYS  LAKE  AREA. 

AH  the  coal  beds  prospected  in  the  Caribou  Range  occur  along  the 
west  side  of  the  range  from  Willow  Creek,  east  of  Idaho  Falls,  south- 
eastward to  the  headwaters  of  Blackfoot  River,  southeast  of  Grays 
Lake.    The  beds  are  believed  to  be  part  of  the  Bear  River  formation 
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FiotJBX  7.— Map  showing  outstanding  ooal  witbdnwals  July  1, 1914,  and  the  approximate  location  of  the 
ooal-bearlng  formations  In  the  area  examined  in  eastern  Idaho  and  western  TV^oming. 

but  may  in  places  also  include  a  part  of  the  Frontier  formation, 
although  the  writer  has  little  information  regarding  their  age  or  dis^ 
tribution.  So  far  as  known  the  coal  has  been  opened  at  only  three 
localities,  information  regarding  which  is  given  in  the  table  of  sec- 

52766^—18— Bull.  680 6 
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tions  of  coal  beds  in  western  Wyoming  and  eastern  Idaho,  on  pages 
73-75.  Development  work  at  one  of  these  locaUties,  the  Miller  mine, 
was  begun  in  1900  by  the  Canyon  Coal  Mining  Development  Co.,  which 
constructed  a  shaft,  tunnel,  road,  buildings,  and  machinery  at  a  cost 
reported  at  $6,000.  In  1910  Mr.  Miller,  one  of  the  members  of  the 
former  company,  filed  application  to  purchase  and  was  permitted  to 
make  payment  of  Sl,600  for  160  acres  of  coal  land  at  $10  an  acre. 
Work  was  continued,  and  a  shaft  40  feet  deep  and  engine  house  and 
hoisting  machinery  were  installed  at  an  additional  cost  of  about 
$2,500.  The  amount  of  coal  that  has  been  mined  at  this  place  was 
not  determined.  The  area  in  which  coal  beds  may  be  encountered 
by  further  prospecting  is  indicated  in  figure  7.  For  a  further  descrip- 
tion of  the  geology  of  this  part  of  Idaho  the  reader  is  referred  to  the 
paper  by  Schultz  and  Richards^  already  cited. 

PINE   CREEK  AND  GREYS   RIVER   AREA. 

The  coal  m  the  belt  extending  from  Pine  Creek  to  Greys  River 
occurs  either  in  the  Bear  River  or  the  Frontier  formation  and  lies  in 
the  area  between  the  Absaroka  and  Darby  faults.  The  structure 
is  complex,  and  the  coal-bearing  beds  may  not  be  present  everywhere 
from  the  north  to  the  south  end  of  the  belt.  The  Frontier  formation 
east  of  the  Absaroka  fault  has  been  traced  from  the  vicinity  of  HU- 
liard,  central  Uinta  County,  Wyo.,  northward  to  Snake  River,  a  dis- 
tance of  approximately  150  mUes,  and  throughout  this  area  the  forma- 
tion is  coal  bearing.^ 

The  same  belt  of  Cretaceous  rock  is  believed  to  extend  northward 
to  the  headwaters  of  Pine  Creek,  near  the  north  end  of  the  Snake 
River  Range.  The  Frontier  formation  is  known  to  be  present 
between  the  Salt  River  and  Wyoming  ranges  on  Greys  River  and 
Little  Greys  River,  south  of  Snake  River,  and  may  be  present  be- 
tween theBighole  and  Snake  River  ranges  on  the  divide  in  Tps.  2  and 
3  N.,  Rs.  44  and  45  E.*,  where  the  road  crosses  from  Teton  Basin 
to  Swan  Valley.  The  coal  beds  on  the  divide  strike  N.  60®  W.  and 
dip  70®  SW.  They  resemble  more  nearly  the  Bear  River  than  the 
Frontier  coals.  At  this  locality  several  prospects  have  been  opened 
and  conssderable  development  work  completed.  It  is  reported  that 
in  T.  3  N.,  R.  44  E.,  $4,000  has  been  expended  on  improvements,  in 
opening  drifts  and  doing  assessment  work,  in  an  effort  to  open  the 
coal. 

In  the  southern  part  of  Lincoln  County,  Wyo.,  the  Frontier  forma- 
tion and  other  Cretaceous  rocks  lie  in  a  synclinal  basin  immediately 
east  of  the  Absaroka  fault.  In  places  farther  north  the  west  limb  of 
the  syndine  has  been  cut  out  by  the  overthrust  fault.     In  the  vicin- 

1  U.  B.  Q90\.  Survey  Bull.  530,  pp.  267-284, 1912. 

s  U  J9.  Qeol.  Sunrey  Bull. 316,  pp.  212-241^  1907;  Bull. 543^  1914, 
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itj  of  Snake  River  (see  fig.  6,  p.  48)  the  structiire  of  the  beds  between 
the  Darby  and  Absaroka  faults  is  much  more  complex,  and  the 
Frontier  formation  occurs  in  a  syncline  immediately  west  of  the 
Wyoming  Kange  and  reappears  on  the  west  side  of  a  parallel  anti- 
cline east  of  the  Absaroka  fault.  Similar  structural  conditions  may 
be  expected  between  the  Absaroka  and  Darby  faults  north  of  Snake 
River.  Some  of  the  evidence  obtained  indicates  that  the  anticline 
&ad  syncline  observed  on  Greys,  Little  Greys,  and  Snake  rivers 
extends  throughout  much  of  the  northern  area.  However,  until 
more  detailed  work  has  been  done  and  the  coal  beds  have  been  traced 
along  the  strike  of  the  formation,  it  is  impossible  to  state  how  much 
of  the  area  between  the  two  thrust  faults  is  underlain  by  coal.  The 
beds  are  in  places  closely  folded  and  broken  by  faults.  The  available 
coal  data  obtained  in  this  part  of  the  field,  although  meager,  are 
given  in  the  table  of  coal  sections  on  pages  73-75. 

TETON   BASm  AND  McDOUGAL  ABEA. 

The  coal  observed  in  the  area  extending  from  Teton  Basin,  Idaho, 
toMcDougal  Gap,  Wyo.,  occurs  for  the  most  part  in  the  Frontier  for- 
mation in  a  narrow  belt  along  the  east  side  of  the  Bighole  Mountains 
and  Wyoming  Range.  The  only  locality  at  which  coals  of  Evanston 
age  may  possibly  be  found  in  this  area  is  in  the  vicinity  of  Snake 
River  south  of  Cheney,  Wyo.,  but  as  the  structure  and  age  of  the  beds 
in  that  locality  have  not  been  definitely  determined  the  coal  may  be 
part  of  the  Frontier  or  some  other  coal-bearing  formation.  Most  of 
the  coal  beds  in  this  area  lie  immediately  east  of  the  Darby  fault  and 
terminate  against  it.  In  places,  however,  the  coal  beds  lie  in  a  syn- 
cline some  distance  east  of  the  fault,  which  in  these  places  is  in 
contact  with  pre-Cretaceous  sediments.  The  structure  is  somewhat 
complex  east  of  the  Darby  fault,  just  as  it  is  west  of  the  fault,  and  the 
coal  beds  may  not  be  present  everywhere  along  the  east  side  of  the 
mountains.  The  Frontier  formation  has  been  traced  from  the 
north  end  of  Thompson  Plateau,  in  T.  29  N.,  R.  115  W.,  northwest- 
ward to  Snake  Siver  in  T.  39  N.,  B.  116  W.,  a  distance  of  60  miles. 
Throughout  the  greater  part  of  this  distance  the  formation  dips 
toward  the  fault,  which  brings  the  coal  beds  into  contact  with  the 
older  beds  west  of  it.  In  the  vicinity  of  Snake  River  the  structure  is 
more  complex  and  the  coal  beds  lie  some  distance  east  of  the  fault,  as 
explained  above.  A  more  complete  description  of  the  geology  and  the 
occurrence  of  coal  in  the  belt  south  of  Snake  River  is  given  in  Survey 
Bulletins  316  and  543. 

The  same  belt  of  Cretaceous  rocks  occurs  northwest  of  Snake  River 
and  is  believed  to  be  coal  bearing  where  present  throughout  most  of 
the  area  to  the  north  end  of  the  Bighole  Mountains.  Near  the  south 
end  of  the  Teton  Mountains  the  rocks  are  closely  folded,  and  most  if 
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not  all  of  the  Cretaceous  beds  have  been  removed  by  erosion.  In  that 
part  of  the  range  between  station  39  and  Trail  Creek,  or  in  the  west 
flank  of  the  Teton  Mountains,  the  coal-bearing  beds  are  believed  to 
be  absent,  but  farther  northwest  they  occur  in  the  same  relation  to 
the  Bighole  Mountains  and  the  Darby  fault  as  in  the  vicinity  of 
Snake  River  and  southward  in  western  Wyoming  along  the  east 
side  of  the  Wyoming  Range. 

On  the  east  bank  of  Snake  River  near  the  center  of  sec.  34,  T.  40  N., 
R.  116  W.,  coal-bearing  beds  that  are  apparently  conformable  below 
the  Almy  formation  were  observed.  Whether  these  coals  belong  to 
the  Evanston,  Frontier,  or  Bear  River  formation  was  not  determined. 
They  were  examined  hurriedly  at  only  one  locality,  where  they 
afford  obscure  plant  remains  that,  together  with  their  lithology  and 
relation  to  the  overlying  conglomerates,  afford  a  basis  for  their 
tentative  correlation  with  the  Evanston  formation.  If  there  is  an 
unconformity  between  these  beds  and  the  gray  calcareous  conglom- 
erate of  the  overlying  Almy  formation  it  is  not  apparent  at  this 
locality. 

At  the  north  end  of  the  Bighole  Mountains,  along  the  east  side  of 
the  thrust  fault,  the  Frontier  coals  occur  in  at  least  two  areas  and 
probably  underlie  a  large  part  of  the  valley  lands  of  Teton  Basin. 
Coals  in  this  part  of  the  Teton  Basin  coal  field  have  been  found  and 
prospected  from  Mahogany  Creek,  in  T.  4  N.,  R.  44  E.,  northward  to 
Packsaddle  Creek,  in  T.  5  N.,  R.  43  E.,  where  the  coal-bearing  for- 
mation passes  beneath  the  Tertiary  lavas.  The  westernmost  coal 
area  in  this  part  of  the  field  lies  inmiediately  east  of  the  Darby  fault. 
The  coal  beds  strike  N.  40°  W.  and  dip  45^-60°  SW.  The  coal- 
bearing  series  has  been  traced  for  a  distance  of  approximately  4 
miles,  and  the  continuity  of  the  coals  throughout  this  district  has 
been  demonstrated.  Immediately  east  of  this  coal  area  is  a  promi- 
nent ridge  of  Jurassic  beds  that  separates  the  coal-bearing  rooks  on 
the  west  from  those  on  the  east,  as  shown  in  figure  8.  East 
of  the  Jurassic  ridge  only  a  few  exposures  of  the  coal-bearing  beds 
were  observed,  and  at  only  three  localities  have  the  beds  been  pros- 
pected. Coal  has  not  been  found  exposed  anywhere  in  the  main  part 
of  Teton  Basin  east  of  the  foothills  of  the  Bighole  Mountains,  as  the 
underlying  rocks  are  within  a  short  distance  concealed  by  the  Ter- 
tiary lava  and  Quaternary  alluvimn. 

From  a  general  study  of  the  mountains  surroimding  the  basin  it  is 
apparent  that  the  structure  is  synclinal  and  that  the  basin  may  con- 
sist in  part  of  Cretaceous  strata  that  contain  coal,  concealed  by  the 
lava  and  alluvium.  It  has  been  reported  that  in  a  well  drilled  in  1903 
on  the  old  Breckenridge  ranch,  in  the  NE.  J  SE.  J  sec.  35,  T.  6  N.,  R.  44 
E.,  west  of  Haden,  a  10-foot  bed  of  coal  was  penetrated  at  a  depth  of 
650  feet.    A  sample  of  the  coal  obtained  from  the  drill  cutting  yielded 
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48.7  per  cent  fixed  carbon.'  The  coal, 
if  present  as  reported,  probably  belooga 
to  the  Frontier  formation  and  is  the 
same  aa  that  observed  in  veetem 
Wyoming  and  along  the  east  flank  of 
the  Bighole  Mountains.  If  the  stnic- 
tnn  in  Teton  Basin  is  correctly  inter- 
{ffstdd  and  the  beds  lie  in  a  broad, 

open  syncline,  coal  similar  to  that  ob-  | 

Mrred  along  the  Bighole  Mountains  a 

probably  occurs  at  comparatirely  shal-  ? 

low  depths  ranging  from  a  few  feet  | 

along  tiie  vest  mai^;in  of  the  syncline  g 

to  approximately  3,000  feet  along  the  e 

lowest  part  of  the  syncline.    The  axis  g 

of  the  concealed  syncline  probably  ties  ^ 

in  the  vicinity  of  Victor,  Idaho,  and  | 

extends  northward  approximately  half-  9 

way  between  Canyon  Creek  and  the  | 

Victor  branch  of  the  Oregon  Short  I 

Line  Railroad  to  the  north  margin  | 

of  the  area  mapped  in  T.  7  N.,  B.  43  t 

E.    The  supposed  structure  of   this  | 

part  of  Teton  Basin  is  shown  in  the  | 

iC4M>mpanying  section  (fig.    8).    The  | 

syncline  above  referred  to  hes  imme-  g 

(Uately  northeast  of  the  anticline  ob-  | 

served  at  the  south  end  of  the  Teton  | 

Mountains,  in  the  vicinity  of  station  ^ 

43,  and  in  the  Bighole  Mountains  east  g 

of  the  Darby  fault,  in  the  vicinity  of  S 

BtaUoa  41.    Whether  these  two  anti-  I 

chnea  represent  the  same   anticlinal  S 

fold  was  not  determined,  as  the  beds  E 

were  not  traced  from  one  locality  to  « 

tbe  other.     If  the  Frontier  beds  were  | 

Noded  along  the  axis  of  the  syncline  ^ 

before  the  lava  was  forced  over  the  a 

surface  no  commercial    coal  will  be  g 
found  in    the  synclinal    basin.    The 
presence  or  absence  of  coal  in  this  part 
of  the  field  can  best  be  determined 
by  means  of  the  drill. 

Coal  beds   of  Frontier   age   occur 
immediately  east  of  the  Jurassic  ridge 

'  Ban,  B.  N.,Iilaba  SlaU  liup.  Ufao  Rapl.,  1M)3,  p.  6a. 
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that  crosses  sees.  19,  30,  and  32;  T.  5  N.,  R.  44  £.,  in  a  south- 
easterly direction.  Very  little  is  known  reg^ding  the  distribution 
of  the  coals  in  this  locality,  as  the  sedimentary  beds  are  largely 
covered  by  Tertiary  lavas.  On  Horseshoe  Creek,  between  lava- 
covered  hills  to  the  north  and  d6bris-«trewn  hills  to  the  south,  the 
beds  have  been  opened  at  three  localities  in  the  SW.  i  sec.  28.  One 
of  the  prospects  lies  north  of  the  creek  and  another  immediately 
south  of  it;  the  third  is  south  of  the  wagon  road  that  leads  from 
Teton  Basin  to  the  Boise  and  Brown  Bear  mines.  These  prospects 
were  the  first  to  be  opened  in  this  vicinity.  The  property  is  locally 
known  as  the  old  Flann  mine  and  was  first  opened  in  1882  by  Henry 
Flann,  a  prominent  merchant  of  Bexburg,  Idaho,  who  abandoned 
the  enterprise  before  developing  it  into  a  producing  mine.  Later  the 
Idaho  Fuel  Co.  fiuther  prospected  the  coal  at  this  locality  and  opened 
three  drifts.  Two  beds  of  coal  occur,  ranging  in  thickness  from 
20  inches  to,  4  feet.  They  strike  north  and  dip  10°  W.  The  drift 
on  the  south  side  of  the  creek,  according  to  report,  was  driven  for 
150  feet,  and  the  one  on  the  north  for  100  feet.  The  prospect  open- 
ing south  of  the  road  was  driven  down  the  dip.  The  extent  of  the 
coal  encountered  and  the  length  of  the  slope  were  not  determined,  as 
the  opening  is  now  caved  and  the  coal  in  part  concealed.  A  thick- 
ness of  2  feet  of  coal  was  measured  above  the  caved  debris.  The 
size  of  the  diimps  at  these  three  prospects  indicates  that  considerable 
work  has  been  done  and  some  coal  taken  out. 

Similar  coals  are  reported  to  occur  farther  south,  on  Mahogany 
Creek,  but  these  were  not  visited.  About  half  a  mile  east  of  the 
prospects  on  Horseshoe  Creek  lava  caps  the  hills  and  forms  the 
moimtain  slopes  on  both  sides  of  the  creek  and  covers  gentle  slopes 
out  into  Teton  Basin.  The  area  in  which  coal-bearing  rocks  are 
exposed  is  therefore  small  and  confined  chiefly  to  the  valley  of  Horse- 
shoe Creek  and  its  tributaries,  although  the  same  beds  may  crop  out 
on  Mahogany  Creek  and  other  small  streams  toward  the  southeast. 

West  of  the  Jurassic  ridge  coal  has  been  traced  from  Horseshoe 
Creek  north  to  Packsaddle  Creek.  This  area,  examined  by  the  writer 
in  a  cursory  way,  was  studied  in  more  detail  in  the  fall  of  1912  by 
E.  G.  Woodru£F,^  who  spent  several  days  in  mapping  the  coal  beds  in 
this  vicinity,  collecting  data  so  that  the  coal  lands  could  be  appraised 
and  classified.  Some  of  the  data  on  this  area  here  presented  were 
obtained  from  him.  Woodruff  found  that  only  a  small  part  of  the 
area  contains  coal  beds  which  the  miners  in  the  field  considered 
thick  enough  to  work  in  1912.  The  coal  lands  in  this  part  of  the  field 
range  in  value  from  $20  to  $58  an  acre.  The  coal  beds  crop  out  along 
the  slope  near  the  foot  of  the  escarpment  and  dip  toward  the  over- 

1  Woodnifl,  E.  O.,  The  Horseshoe  Creek  district  of  the  Teton  Bftsin  coal  Held,  Fremont  County,  Idaho: 
U.  S.  Geol.  Survey  Bull.  641,  pp.  S7»-388, 1914. 
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thrust  fault.     The  beds  are  cut  also  by  numerous  small  faults,  as  is 
well  shown  in  the  Brown  Bear  mine,  where  seven  faults  cut  the  coal 
bed  in  a  distance  of  approximately  1 ,200  feet.    The  rock  and  coal  out- 
crops are  badly  caved,  so  that  it  is  difficult  to  trace  them  for  any  con- 
siderable distance  without  the  aid  of  a  drill.    The  coal  prospects  that 
have  been  opened  on  Horseshoe  and  Packsaddle  creeks,  according  to 
report,  disclose  seven  separate  coal  beds  that  range  in  thickness  from 
2  to  10  feet  and  are  comparatively  free  from  bony  coal  or  waste  mate- 
rial.   The  most  extensive  development  work  has  been  done  on  the 
Brown  Bear,  Boise,  Horseshoe,  and  Packsaddle  mines,  although  con- 
dderable  prospecting  has  been  done  at  several  other  places  in  the 

district.  These  four  properties  cover  the  strike  of  the  coal-bearing 
rocks  for  a  distance  of  3  miles,  throughout  which  the  continuity  of 

the  coals  has  been  fairly  well  proved.  Oi^y  the  Brown  Bear  and 
Boise  were  producing  mines  at  the  time  of  the  writer's  visit.  Mining 
and  prospecting  had  been  carried  on,  however,  at  other  places  in  the 
field,  but  the  work  had  apparently  been  discontinued. 

The  Brown  Bear  mine  is  the  chief  producer  in  the  field  and  has 
been  operated  since  1904.  The  mine  consists  of  a  horizontal  rock 
tunnel,  325  feet  long  from  the  surface  to  the  coal  bed,  and  two  hori- 
zontal entries,  one  to  the  north  950  feet  long  and  the  other  to  the 
south  250  feet  long,  both  following  the  strike  of  the  bed,  which  is 
N.  40°  W.  The  bed  ranges  in  thickness  from  4  feet  5  inches  at  the 
north  end  to  5  feet  3  inches  at  the  south  end  and  dips  40^-50°  SW. 
The  mine  is  worked  by  the  room  and  pillar  method.  The  rooms  are 
turned  up  the  pitch  along  a  drift  or  entry  at  60-foot  intervals,  center 
to  center.  The  center  of  the  room  is  driven  ahead,  and  the  coal  is 
undermined  with  a  pick  along  a  softer  layer,  1  inch  to  16  inches 
thick,  that  lies  on  the  floor  of  the  mine,  and  blasted  down  with  a 
back  hole  and  a  small  charge  of  black  powder.  The  broken  coal 
slides  down  a  chute  at  the  narrow  outlet  of  the  room  and  is  hauled 
to  the  entry.  The  mine  is  well  ventilated  by  raises  to  the  surface 
and  cross  courses  through  the  pillars.  A  good  deal  of  the  coal  pro- 
duced in  1912  was  sold  at  the  mine  as  mine  run  for  $2.50  a  ton. 
Some  of  it  was  screened  and  sold  for  $3.50,  and  the  slack  was  sold 
for  50  cents  a  ton. 

The  Boise  mine  was  not  selling  coal  at  the  time  of  the  writer's 
examination,  but  arrangements  had  been  made  to  mine  a  few  tons 
daily  for  use  in  Teton  Basin.  The  coal  bed  here  is  38  inches  thick, 
is  entirely  free  from  bone  and  waste  of  any  kind,  and  lies  between 
beds  of  shale.  The  mine  consists  of  a  rock  timnel  150  feet  long,  that 
crosscuts  the  strata,  and  an  entry  200  feet  along  the  bed  from  the 
point  where  the  tunnel  enters  the  coal.  The  mine  was  opened  in 
1904  and  has  been  supplying  some  excellent  coal  at  irregular  inter- 
vals since  that  time. 
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The  Horseshoe  mine  is  near  the  southeast  comer  of  the  NW.  { 
NWr  i  sec.  6,  T.  4  N.,  R.  44  E.,  and  was  opened  by  the  Horseshoe 
Coal  Co.  prior  to  1902.  The  bed  is  approximately  10  feet  thick  and 
dips  66""  SW.  The  small  dump  at  the  mouth  of  the  mine  indicates 
the  extent  of  the  workings  and  represents  the  waste  taken  out  in 
mining.  The  development  work  consists  of  a  single  entry,  500  feet 
long,  extending  north  into  the  side  of  a  steep  hill  where  the  bed  was 
exposed.  Although  badly  caved  the  mine  can  be  entered  for  a  dis- 
tance of  200  feet  or  more,  and  good  sections  of  the  bed  measured. 
Several  thousand  tons  of  coal  was  extracted  and  sold  at  the  mine  for 
$2  a  ton.  The  mine  was  poorly  developed,  and  this  in  part  furnishes 
an  explanation  why  the  work  at  this  locality  soon  became  dangerous 
and  the  prospect  was  abandoned. 

The  Packsaddle  mine  hes  in  the  NE.  i  sec.  26  and  the  NW.  ^  sec- 
25,  T.  5  N.,  R.  43  E.  Inhere  are  two  openings  at  this  place,  both  of 
which  are  badly  caved,  so  that  it  was  impossible  to  determine  the 
relations  of  the  workings  in  the  lower  one  to  those  in  the  upper  one. 
The  dump  at  the  mouth  of  the  mine  contains  some  good  coal,  and 
the  general  improvements,  including  a  Victor  standard  scale,  mine 
buildings,  miners'  cabin,  and  coal  road,  indicate  that  considerable 
work  was  done  here  and  some  coal  mined.  No  coal  is  exposed  in 
the  mouth  of  the  lower  entry,  the  small  sticks  or  poles  used  in  tim- 
bering are  broken,  and  the  entrance  to  the  coal  bed  is  cut  off  by 
caved  groimd,  so  that  no  data  as  to  the  character  or  thickness  of  the 
coal  were  obtained.  Some  coal  has  also  been  taken  from  the  upper 
drift.  This  entry  likewise  was  badly  caved,  but  coal  exposed  at  its 
mouth  indicates  that  the  bed  is  more  than  2  feet  3  inches  thick — 
no  doubt  much  more,  as  the  caved  material  conceals  the  lower  part 
of  the  bed.  The  entire  bed  is  reported  to  be  9  feet  thick  and  to 
terminate  against  a  fault.  The  mine  was  opened  in  1906,  and  work 
was  continued  for  a  year  or  more  before  the  property  was  abandoned. 
On  the  ridge  just  south  of  the  abandoned  mine  the  gray  sandstone 
strikes  N.  20°  W.  and  dips  50°  SW. 

SECTIONS  OF  THE  COAL  BEDS. 

The  location  of  the  prospect  pits  which  were  examined  dxuing 
this  survey  or  from  which  reports  have  been  obtained  and  the 
sections  of  coal  beds  exposed  in  them  are  given  in  the  following 
table.  The  mines,  prospect  pits,  surface  diggings,  and  coal  ex- 
posures are  numbered  consecutively  from  1  to  37,  beginning  at  the 
southeast  comer  of  the  field,  and  the  numbers  agree  with  those  used 
on  Plate  I.    Nos.  1  to  10  are  in  Wyoming  and  Nos.  11  to  37  in  Idaho. 
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OHASAOTEB   OF   THE    GOAL. 

The  coal  is  bituminous  and  rather  free  from  impurities.  Accord- 
ing to  report  some  of  it  has  been  coked  with  fair  success.  However, 
the  tests  made  in  an  agate  mortar  gave  noncoking  results.  Most 
of  the  coal  is  badly  shattered,  as  would  be  expected  in  a  region 
where  so  much  faulting  has  taken  place.  As  a  result  of  this  shat- 
tered condition  a  large  percentage  of  the  coal  in  mining  comes  out 
fine.  Even  the  larger  pieces  are  so  broken  that  they  do  not  readily 
stand  handling;  and  much  of  it  is  necessarily  marketed  as  slack. 
The  present  market  for  the  coal  produced  in  this  field  is  largely  con- 
fiined  to  the  settlers  who  hve  within  hauling  distance  of  the  mine. 
The  coal  is  extensively  used  by  the  farmers  to  run  their  steam  engines 
during  the  plowing,  seeding,  and  harvesting  seasons,  and  by  the 
thrasher  and  header  crews.  In  1912  it  sold  at  the  mine  for  S3.50  a 
ton  for  lump  coal,  $2.50  for  run-of-mine,  $2  for  the  small  sizes,  and 
60  cents  for  slack.  A  good  deal  of  the  lump  coal  is  hauled  to  St. 
Anthony  and  other  railroad  settlements,  where  it  generally  commands 
$1  a  ton  more  than  the  coal  that  is  shipped  in  from  the  Mississippi 
Valley  region,  as  it  is  apparently  much  better,  has  a  higher  heating 
value,  and  contains  less  ash. 

Samples  of  coal  from  the  Frontier  formation  have  been  collected 
for  analysis  from  several  locaUties  in  this  region  and  the  results  are 
given  in  the  following  table.  The  sampling  was  done  according  to 
the  reflations  of  the  United  States  Geological  Survey,  which  re- 
quire that  the  sampled  face  must  be  cleared  of  weathered  coal, 
powder  stains,  and  surface  impurities.  A  channel  is  then  cut  across 
the  bed  to  obtain  the  sample,  and  at  the  same  tune  large  partings  or 
lumps  of  impurities  are  rejected.  The  sample  is  collected  on  a 
sampling  cloth,  then  broken  up  to  pass  through  a  ^-inch  mesh  sieve, 
mixed  thoroughly,  quartered,  and  mixed  again,  and  finally  the  sample 
is  placed  in  a  sealed  can  to  be  forwarded  to  the  chemical  laboratory. 
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Sample  4323  was  collected  from  a  shallow  prospect  on  the  west 
side  of  Greys  River  a  few  miles  south  of  the  mouth  of  Little  Greys 
River,  in  what  is  known  as  the  Greys  River  coal  field.  The  sample 
was  taken  a  few  feet  below  the  surface  and  represents  a  coal  of  good 
quality,  which  nevertheless  may  have  been  partly  altered  by 
weathering. 

Sample  4302  was  collected  from  a  prospect  pit  in  the  Wyoming 
Range  that  had  been  exposed  to  the  atmosphere  for  more  than  a 
year,  and  as  a  result  the  coal  had  no  doubt  been  considerably  altered. 
The  lower  part  of  the  3  feet  6  inch  coal  bed  is  composed  lai^ely  of 
bone,  but  the  upper  2  feet,  which  was  sampled,  is  a  good  clean  coal. 
The  sample  was  taken  40  feet  stratigraphically  below  sample  4301. 

Sample  4301,  from  a  shallow  prospect  in  the  Wyoming  Range, 
represents  a  coal  bed  3  feet  9  inches  thick  which  was  moderately 
weathered.  The  sample  as  collected  does  not  include  a  7-inch 
parting  that  is  present  in  the  bed  at  this  point.  The  coal  bed  lies 
approximately  40  feet  stratigraphically  above  sample  4302,  and  the 
coal  is  of  the  same  quality. 

Sample  4003  was  collected  from  a  surface  prospect  in  the  Wyoming 
Range,  in  which  the  coal  bed  clearly  shows  the  effects  of  weathering. 
The  3-foot  bench  of  coal  that  lies  near  the  middle  of  the  measured 
section  (see  table,  p.  77)  is  the  only  part  of  the  bed  included  in  the 
sample. 

Sample  4002  was  taken  from  a  cut  in  a  coal  bank  on  Snake  River, 
where  1  foot  5  inches  of  coal  was  exposed.  It  represents  a  surface 
outcrop  in  which  the  coal  was  so  greatly  altered  by  weathering  that 
the  sample  does  not  fairly  represent  the  quality  of  the  coal. 

Sample  15115,  collected  by  E.  G.  Woodruff  in  1912  from  the  Brown 
Bear  mine,  in  the  Bighole  Mountains,  was  taken  from  the  end  of  the 
north  entry,  950  feet  from  the  portal,  where  mining  had  been  done 
recently  and  where  the  coal  was  unweathered.  This  sample  is 
believed  to  represent  the  coal  in  its  normal  oondition  as  taken  from 
the  mine. 

Sample  15116,  collected  by  E.  G.  Woodruff  in  October,  1912,  from 
the  abandoned  Horseshoe  mine  in  the  Bighole  Mountains,  was  mod- 
erately weathered.  It  was  taken  at  a  point  200  feet  from  the  portal 
from  a  face  that  had  been  exposed  for  more  than  a  year.  The  surface 
of  the  bed  was  cleaned  imtil  apparently  fresh  coal  was  obtained,  but 
it  seemed  probable  that  some  change  which  had  not  altered  the 
physical  appearance  of  the  coal  may  have  taken  place,  because  the 
mine  is  in  a  fairly  dry  climate  and  had  remained  open  to  the  unre- 
stricted circulation  of  the  air  for  a  long  time.  Nevertheless,  the 
sample  gave  a  higher  calorific  value  than  the  unweathered  coal  from 
the  Brown  Bear  mine.    This  result  is  probably  to  be  explained  in 
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part  bj  the  smaller  amount  of  ash  in  the  Horseshoe  sample  and  the 
fact  that  very  little  alteration  had  taken  place  in  the  coal  bed  dm'ing 
its  exposure  to  the  circulation  of  the  air. 

GOLD  AND  OTHER  MINEBALS. 

Placer  mining  has  been  done  along  Snake  River  and  its  tribu- 
taries since  1860.    The  gold  on  these  streams  occurs  in  the  gravels 
that  form  terraces  along  the  streams  and  in  the  deposits  of  boulders, 
gravel,  and  sand  that  fill  the  channels  or  form  the  beds  of  the  streams. 
A  small  placer  working  was  observed  on  Snake  River  just  below  the 
mouth  of  Wolf  Creek.    At  the  time  of  visit  the  work  had  been  dis- 
continued for  the  winter,  and  no  details  regarding  the  gravels  were 
obtained.     The  deposits  along  Snake  River  are  more  fully  described 
in  Survey  Bulletins  315,  530,  and  543.    There  are  no  metalliferous 
mines  in  this  region,  and  only  a  little  desultory  prospecting  is  carried 
on.    Most  of  it  has  been  done  in  pre-Cambrian  rocks  in  the  Teton 
Mountains,  where  a  little  lead,  silver,  and  copper  have  been  reported. 
Structural  material,  lime,  cement,  clay,  and  road  dressing  may  be 
obtained  in  many  localities.    Excellent  building  stone  is  obtained 
from  the  Tertiary  rhyolite,  which  has  been  extensively  used  for  public 
buOdings  and  private  dwellings  in  certain  parts  of  the  area.    The  rock 
is  soft  enough  to  be  easily  quarried  and  firm  enough  to  be  dressed  to 
any  desired  shape.     (See  PI.  II.) 

Reports  of  occurrences  of  oil  in  eastern  Idaho  have  been  received 
from  time  to  time.  If  the  anticline  along  the  west  side  of  Teton 
Basin  has  a  closed  structure,  there  may  be  oil  in  this  part  of  the 
field.  An  oil  well  was  drilled  in  1903  some  distance  east  of  the 
sjndinal  axis  that  passes  through  the  basin.  The  following  state- 
ment regarding  this  well  was  furnished  in  the  fall  of  1906  by  Mr. 
Spencer  Clawson,  131  South  Main  Street,  Salt  Lake  City,  Utah: 

The  preaideiitof  the  Fremont  County  Oil,  Gas  k  Coal  Co.,  W.  £.  McDonald,  a  native 
of  the  oil  section  of  eastern  Indiana  and  later  of  Florence,  Colo.,  visited  the  Teton 
Valley  in  1900  with  a  view,  it  is  said,  of  purchasing  a  ranch;  he  negotiated  with  me 
for  800  acres  of  land  at  the  crossing  of  Teton  River  near  Hayden  and  made  a  payment 
apon  it;  later  he  called  and  stated  that  there  were  very  strong  surface  indications  of 
the  presence  of  oil  on  the  land,  his  long  residence  in  the  Indiana  and  Colorado  oil 
fields  qualifying  him  to  judge. 

I  paid  but  little  attention  to  the  man  or  his  enterprises,  and  he  returned  to  his 
foiiner  home  in  Colorado,  organized  the  Fremont  County  Oil,  Gas  d  Coal  Co.,  and 
vigorously  proeecuted  the  work  of  boring  for  oil  on  the  ranch  of  David  Breckenridge, 
which  joined  the  lands  Mr.  McDonald  had  purchased  from  me  on  either  side;  his 
difficulties  were  great,  as  it  was  about  30  miles  to  Bexbuig  or  St.  Anthony,  the  nearest 
nilroad  point,  and  transportation  of  engine,  boiler,  pipe,  etc.,  was  both  difficult  and 
expensive;  but  he  Was  a  man  of  perseverance,  though  of  moderate  resources,  and 
he  expended  the  capital  of  the  company,  some  $6,000,  before  he  found  an^ihing  that 
indicated  values.  His  enthusiasm  was  unbounded,  and  through  great  e£fort  he 
procured  more  money  and  continued  his  work. 
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In  the  fall  of  1903  hia  8-inch  drill  struck  a  seam  of  coal  at  a  depth  of  about  650  feet, 
and  he  told  me  that  he  had  driven  10  feet  into  the  seam  without  reaching  the  foot- 
wall;  he  then  withdrew  his  drills  in  order  to  sink  the  10-inch  pipe  casing. 

The  supply  of  pipe  being  exhausted,  he  suspended  operations  and  returned  to 
Colorado  for  more  material  and  money.  On  his  way  east  he  stopped  at  Salt  Lake 
City  and  uiged  me  to  join  him  in  his  efforts  to  develop  the  coal  and  oil,  which  he 
asserted  would  be  struck  at  greater  depth. 

As  he  failed  to  make  the  second  payment  on  the  purchase  price  of  the  land,  I  was 
unable  to  render  him  the  financial  aid  he  desired.  I  never  saw  Mr.  McDonald  again, 
but  subsequently  learned  that  he  was  taken  ill  in  Florence,  Colo.,  and  after  a  brief 
illness  died  in  a  hospital  there. 

The  enterprise  was  abandoned  by  his  administratotB;  his  creditors  removed  the 
engine,  boiler,  drills,  etc.,  leaving  only  the  derrick  and  the  10-inch  pipe  casing  in  the 
well.  The  land  was  sold  by  the  sheriff  and  was  purchased  by  me  for  the  interests 
that  formerly  owned  it. 

Another  source  of  oil  that  promises  to  be  of  some  value  occurs  at 
the  same  horizon  as  the  phosphate  deposits  in  Montana,  Idaho,  and 
Wyoming — that  is,  in  the  Phosphoria  formation.  The  phosphate  on 
applying  heat  to  the  rock  is  not  driven  off  by  distillation  but  remains 
in  the  ash.  Evidence  of  petroleimi  or  bituminous  compoimds  in 
rocks  of  this  age  has  been  observed  over  wide  areas  by  the  writer, 
who  has  worked  on  the  phosphate  deposits,  but  few,  if  any,  tests 
have  heretofore  been  made  to  ascertain  the  quantity  of  oil.  Small 
remnants  of  samples  of  phosphate  rock,  E,  G,  H,  I,  and  X,  collected 
in  Idaho  and  western  Wyoming  for  phosphate  determinations,  were 
also  tested  for  oil. 

Tests  ofphosphaU  roch  containing  oil  in  eastern  Idaho  and  western  Wyoming, 

[Chase  Palmer,  U.  8.  Geological  Surrey,  and  C.  S.  Reeve,  Offloe  of  Public  Roads  and  Rural  Engineering, 

analysts.] 


Looatkm. 

Labora- 
tory 
No. 

(OlBoeof 
PubUc 
Roads 
and 
Rural 
Engi- 

neermg.) 

Phos- 
phorus 
pent- 
oxide 
(PfO.). 

Tricaldnxn 

phosphate 

(6a«(f04),). 

Specific 
gravity. 

Petroleum 

No. 

Dry 
distillation 

(gallons  per 
ton). 

Carbon 

tetrachloride 

extractioiu 

Carbon 

dLsol- 

phide 

extrao* 

tfon 

(per 

cent). 

E.... 
O.... 

n.... 
I 

Trail  Creek,  Wyo., 
NE.i8ec.l6,T. 
41  N.,  R.  118  W. 

Palisade     Creek, 
Idaho,  sec.  25, 
T.2N.,R.46B. 

South  Fork  of  Ra- 
ney  Creek,  Ida- 
ho, sec.  16lT.  2 
N..R.46E. 

North  Fork  of  Ra- 
ney  Creek,  Ida- 
ho, sec.  8,  T.  2 
N.,R.45E. 

Young's     randi, 
southwest   of 
Lander.  Wyo., 
sec.  8,  T.  31  N., 
R.09W. 

12781 
12782 
12783 

12784 

12785 

Trace. 
12.69 
31.09 

17.08 

24.3 

Trace. 
27.8 
69.4 

37.4 

53.16 

1.98 
2.33 
2.24 

164 

2.31 

A  little  oU  a. 

Little  oil  dis- 
tilhit4^.a 

A  little  oil  a. 

do« 

3.17 

Little 

Very  little... 
do...... 

Some 

a34 
.79 

.98 

L19 
4.89 

a  Mr.  Reeve  omitted  the  dry  distDlation  of  these  samples  because  so  little  material  was  submitted  as  to 
make  it  practically  impossible  to  obtain  results  of  any  value. 
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The  rocks  in  the  region  where  the  samples  w^V.0  obtained  have 
been  subjected  to  extreme  pressure  and  affected  by.^net^morphism, 
as  shown  by  the  faulting  and  squeezing  manifested  at{  jmscny  places 
and  by  the  crystallization  of  the  limestone.  A  considerable  part  of 
the  oiganic  matter  that  was  originally  in  the  rock  may  therefore 
have  undergone  partial  distillation,  a  supposition  that  in  tuminay/. 
account  for  the  relatively  small  quantity  of  oil  obtained  from  thte^pr.  -' 
rocks.  If  the  rocks  in  which  the  small  quantities  of  oil  are  found 
nave  already  xmdeigone  partial  distillation,  the  question  arises, 
What  has  become  of  the  distillate  ?  Where  the  rocks  are  exposed 
the  oil  has  undoubtedly  escaped,  and  this  may  account  for  the  slight 
yield  on  extraction  from  rocks  that  give  off  a  strong  odor  of  petroleum. 
Where  the  rocks  are  not  exposed  they  may  have  been  a  source  of  sup- 
ply of  petroleum  in  areas  where  the  structural  conditions  are  favorable 
to  its  accumulation.  It  may  therefore  be  possible  that  commercial 
accumulations  of  oil  have  been  formed  in  these  older  Paleozoic  rocks. 
If  this  should  be  true,  it  would  open  up  a  new  field  for  exploration 
in  this  part  of  the  Rocky  Mountain  region.  Thus  far  the  Lander 
oil  field  in  Wyoming  seems  to  be  the  only  place  where  oil  has  been 
obtained  in  conunercial  quantities  from  rocks  of  the  same  age,  though 
indications  of  oil  at  this  horizon  have  been  noted  at  several  other 
places  in  Wyoming  and  Utah. 

WATER  POWER. 

This  area  affords  one  conspicuously  good  opportunity  for  develop- 
ing large  quantities  of  water  power,  near  the  mouth  of  the  Snake 
River  canyon.  Throughout  the  remainder  of  the  area  there  are 
numerous  localities  where  small  plants  can  be  installed  whenever 
suitable  markets  are  developed.  The  creeks  that  flow  from  the 
Caribou,  Snake  River,  Salt  River,  Bighole,  Wyoming,  and  Teton 
mountains  are  all  permanent,  and  in  -their  canyons  there  are  many 
places  where  dams  can  be  built  to  advantage  and  small  power  of  low 
head  developed.  There  are,  however,  very  few  faUs  of  any  conse- 
quence and  only  a  few  localities,  as  in  the  canyon  of  Snake  River  and 
in  the  canyon  of  North  Fork  of  Teton  River,  where  considerable 
head  may  be  obtained.  Snake  River  is  the  only  stream  in  which  a 
large  body  of  water  is  available. 
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THE  OXIDIZED  ZINC  ORES  OF  LEADVILLE,  COLORADO. 


Bv  G.   F.   LOUOHLIN. 


INTRODUCTION. 

Oxidized  zinc  ores  were  first  exploited  in  the  Leadville  mining 
district,  Colorado,  after  the  Geological  Survey's  field  study  of  the 
other  ores  had  been  completed.  In  the  summer  of  1913  the  writer  was 
detailed  to  study  these  ores  and  spent  four  weeks  in  the  district  dur- 
ing July  and  August.  The  present  report  was  completed  early  in 
1914  and  transmitted  to  form  a  chapter  in  a  monograph  on  the 
geology  and  ore  deposits  of  the  district,  but  owing  to  continued  delay 
m  the  completion  of  the  monograph  it  has  been  decided  to  publish 
this  chapter  in  advance. 

The  mine  operators  and  engineers  in  the  district  gave  the  writer 
all  possible  assistance  in  his  work.  Thanks  are  especially  due  to 
Messrs.  Nicholson,  MacDonald,  and  Dalrymple,  of  the  Western  Min- 
ing Co. ;  Messrs.  Piatt  and  Kleff ,  mine  surveyors  and  lessees  of  the 
New  Dome  property;  Messrs.  Davis  and  Pendery,  of  the  Yak  Co.; 
Messrs.  Argall  and  Aicher,  of  the  Iron  Silver  Co. ;  the  officers  of  the 
Ibex  Co. ;  Mr.  Warren  F.  Page,  of  the  Luema  Mining  Co. ;  and  Mr. 
John  R.  Curley,  State  inspector  of  mines.  To  the  several  other 
lessees,  foremen,  and  miners  who  rendered  assistance  at  different 
times  the  Tvriter  here  expresses  his  hearty  thanks.  Thanks  are  also 
dne  to  Mr.  R.  C.  Wells,  of  the  United  States  Geological  Survey, 
for  criticism  of  the  discussion  of  chemical  processes  involved  in  the 
deposition  of  the  oxidized  zinc  ores. 

DISCOVERY. 

After  it  was  realized,  in  1910,  that  large  deposits  of  oxidized  zinc 
ores  were  present  in  the  Leadville  district,  considerable  discussion 
arose  over  the  fact  that  these  ores  had  been  so  long  overlooked  both 
by  the  mining  engineers  and  geologists  who  had  made  frequent  visits 
to  the  mines  and  by  the  mine  officers  and  assayers  who  had  been 
working  in  the  ore  and  handling  samples  of  it  for  several  years.     It 
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must  be  admitted  that  the  ore  had  been  exposed  both  on  dumps  and 
underground  and  all  who  have  had  an  opportunity  of  finding  it  must 
share  the  blame  of  having  overlooked  it.  Very  few  of  those  who 
have  written  on  the  subject  realized  that  silicate  and  carbonate  o:f 
zinc  had  been  known  to  exist  from  the  earliest  days,  when  only  a 
comparatively  small  part  of  the  oxidized  lead  ores  had  been  worked. 

SABLY  AOOOUNTS  OF  ZINO  OABBONATB  AND  SIUOATB. 

The  following  paragraph  was  published  as  long  ago  as  1882 :  ^ 

Mr.  Qarrlson  (of  St.  Louis)  makes  the  prediction  that  at  an  early  date 
Colorado  wUl  be  made  tributary  to  the  western  spelter  Industry.  Probably 
the  first  caU  will  be  made  for  carbonates,  calcined  before  shipping.  This  class 
of  zinc  ores  often  so  closely  resembles  limestone  that  the  ordinary  prospector 
would  not  detect  its  value.  If  we  remember  correctly,  Prof.  KOnlg,  of  Phila- 
delphia, has  found  calamine,  or  carbonate  ore,  in  the  vicinity  of  Leadville. 
Should  a  closer  search,  which  we  trust  wlU  be  made  at  an  early  date,  reveal 
the  presence  of  larger  bodies  of  this  ore,  zinc  mining  might  soon  be  added  to 
the  list  of  Colorado  industries. 

It  was  thus  early  known,  therefore,  that  oxidized  zinc  ores  occurred 
in  the  Leadville  district,  but  zinc  was  then  evidently  of  insufficient 
interest  to  stimulate  prospecting  for  bodies  of  high-grade  zinc  ore. 

In  1886  Emmons,  in  his  famous  monograph,'  noted  the  occurrence 
of  calamine  at  Leadville  and  mentioned  zinc  blende  and  calamine  as 
accessory  minerals.  He  evidently  had  considered  the  problem  of 
the  disposition  of  the  zinc  in  the  oxidized  zone,  as  he  shows  in  his 
description  of  the  old  Iron  mine : 

In  the  body  of  the  limestone,  on  tlie  eighth  level,  not  far  from  the  north 
Incline,  a  natural  Jointing  plane  forming  one  wall  of  the  drift  was  observed  to 
be  coated  with  fine,  silky  white  crystals  which  chemical  examination  proved 
to  be  calamine  or  silicate  of  zinc.  If  the  sulphureted  ores,  which  will  un- 
doubtedly be  found  when  the  mine  workings  shall  have  reached  the  limits  of 
the  zone  of  oxidization,  are  as  rich  in  blende  as  those  which  have  been  found 
in  the  A.  Y.  mine.  It  seems  singular  that  Uttle  or  no  zinc  has  Hitherto  been 
found  associated  with  the  oxidized  ore.  This  occurrence  would  seem  to  show 
that,  owing  probably  to  greater  solubility,  the  alteration  products  of  blende 
have  been  removed  during  secondary  deposition  to  a  greater  distance  from 
their  original  location  than  those  of  the  other  sulphureta. 

Again,  he  writes : 

Zinc  occurs  in  the  lead  carbonate  ores  in  very  small  proportion  and  probably 
in  the  form  of  silicate  (calamine),  since  this  is  the  only  mineral  of  zinc  that 
has  been  observed  in  the  Leadville  deposits.  It  is  rarely  visible  and  generally 
form  fine,  needle-like  silky-white  crystals,  lining  drusy  cavities  and  cracks  or 
joints  in  vein  material  and  limestone.  There  is  little  doubt  that  it  originally 
occurred  as  zinc  blende,  and,  from  analogy  with  the  Tenmile  deposits,  it  may  be 
presumed  that  it  formed  a  much  larger  proportion  of  the  deposit  than  it  does 


*  Bng.  and  Min.  Jonr.,  toI.  84.  p.  16,  1R82. 

•  BmmonB,  S.  F.,  Geology  and  mining  industry  of  Leadville,  Colo. :  V.  8.  Geol.  Surraj 
Mon.  12.  pp.  876,  889,  898,  647,  6C0,  566,  557,  560,  1886. 
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unr.  Hie  much  greater  Bolnbility  of  its  sulphate  than  that  of  the  other  metals 
wQold  acoount  for  Its  more  thorough  removal  by  surface  waters. 

He  noted  the  absence  of  zinc  in  analyses  of  samples  of  bfisic  ferric 
sulphate,  a  feature  in  accordance  with  the  observation,  quoted  above, 
that  the  zinc  had  been  further  removed  from  the  original  ore  bodies 
than  the  other  metals,  owing  to  the  more  ready  solubility  of  its  sul- 
phate, and  he  states  that  in  spite  of  the  comparative  absence  of 
zinc  this  metal  was  ^^  quite  uniformly  detected  in  the  products  of 
smelting.'* 

The  analyses  of  different  vein  materials  show  little  or  no  zinc. 
A  siliceous  hematite  from  the  Chrysolite  mine,  carrying  2.56  per  cent 
ofadnc  oxide,  was.  said  to  contain  ^^a  rather  unusual  percentage  of 
ziac"  As  these  vein  materials  were  in  large  part  similar  in  color 
and  other  visible  features  to  the  reddish-brown  zinc  ores  now  mined, 
the  absence  in  all  of  them  of  any  considerable  amount  of  zinc  may 
well  have  diverted  Emmons's  attention,  both  then  and  in  later  years, 
from  such  iron-stained  bodies  as  possible  oxidized  zinc  ores.  Very 
little  drifting  or  other  work  beneath  the  old  lead  stopes  had  been  done 
It  the  time,  and  no  ground  with  abundant  pockets  of  calamine,  such 
IS  characterize  much  of  the  oxidized  zinc  ore  now  mined,  had  been 
exposed.  Even  after  some  of  the  extensive  zinc  ore  bodies  had  been 
exposed  along  drifts  and  other  workings  the  strong  resemblance  of 
the  reddish-brown  ore  to  iron  ore  at  one  extreme  and  iron-stained 
limestone  at  the  other  and  the  close  resemblance  of  the  gray  ore  to 
partly  leached  but  unstained  limestone  were  hardly  likely  to  lead  one 
to  suspect  the  presence  of  high-grade  zinc  ore.  These  ores  are  in  gen- 
eral so  different  in  color  and  texture  from  the  more  crystalline  and 
brilliant  specimens  from  other  districts,  so  common  in  museums  and 
other  collections,  that  failure  to  recognize  them  without  chemical 
examination  is  not  surprising. 

Emmons,  however,  did  recognize  the  rather  exceptional  occur- 
rences  of  small  quantities  of  the  dense  white  zinc  ore  that  is  identical 
in  appearance  with  ^^  Chinese  talc,"  as  shown  by  his  discussion  of  the 
analyses.  He  regarded  this  material  as  a  mixture  of  hydrated  sili- 
cates of  alumina  and  silicate  of  zinc  and  remarked  that  '^  the  occur- 
rence of  the  zinc  was  somewhat  unexpected."  In  the  extensive 
mining  of  oxidized  zino  ores  during  the  last  few  years,  ore  of  this 
type  has  been  found  only  in  small  quantities  and  of  a  grade  too  low 
for  shipment  except  during  a  short  time  when  the  price  of  zinc  was 
abnormally  high.  It  is  indeed  striking  that  none  of  the  many  speci- 
mens of  ores  and  vein  matter  taken  during  the  extensive  study  of 
the  ores  in  the  earlier  days  proved  to  contain  any  considerable 
quantity  of  zinc  carbonate. 

In  1889,  after  a  period  of  extensive  development,  during  which 
many  of  the  oxidized  lead  bodies  had  been  followed  down  to  the 
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sulphide  zone.  Blow  ^  called  attention  to  the  abundance  of  zinc  blende 
just  below  the  zone  of  oxidation  and  offered  the  conclusion  that  it 
was  the  result  of  downward  sulphide  enrichment.    In  his  own  words. 

The  zinc  sulphides  are  the  most  widely  disseminated  and  Bhow  plainly  the 
resalt  of  their  more  ready  solubility  than  the  other  sulphides  and  the  redeposi- 
tion  of  a  large  portion  of  the  zinc  which  has  thus  been  removed  from  the 
carbonate  ores.  This  fact  is  clearly  shown  in  many  ways,  but  most  satisfac- 
torily Just  at  the  line  of  transition.  The  sulphides  first  encountered  are  invari- 
ably heavy  sulphides  of  zinc,  carrying  a  little  iron  and  very  little  lead.  They 
have  a  close  crystalline  structure  and  lie  in  a  laminated  form,  the  lines  of 
fracture  being  nearly  vertical.  Upon  these  cleavage  planes  crystals  of  cerusite 
are  found,  and  often  a  small  incrustation  of  native  silver.  Such  deposits,  where 
first  encountered  in  passing  from  oxidized  to  unoxldized  ores,  are  always  lowest 
in  silver.  In  their  further  extension  the  zinc  gradually  grows  lees  and  the 
laminated  structure  disappears.  Beyond  this,  again,  the  zinc  sulphides  appear 
to  predominate  along  cleavage  and  contact  planes  with  the  gray  porphyry,  or 
along  the  lines  of  minor  faults  and  cracks  in  the  limestone.  Such  character- 
istics are  also  universally  observed  in  other  instances  besides  those  of  Iron 
HUl.    ♦     ♦    • 

In  advancing  further  within  the  ore  shoots  the  zinc  appears  to  lose  its  pre- 
ponderance over  the  other  sulphides.  *  ^  *  It  seems  probable  that  a  large 
proportion  of  the  zinc,  which  was  totally  removed  from  the  carbonate  ores, 
has  beeen  redeposlted  as  a  sulphide^  and  principally  Just  below  the  line  of  com- 
plete oxidation,  by  surface  waters,  and  such  redq;>osition  has  advanced  and 
increased  pari  passu  with  the  limit  and  extent  of  such  oxidizing  action. 

As  a  corollary  of  the  above,  it  is  beUeved  that  at  the  present  stage  of  devel- 
opment in  Leadville,  the  sulphide  of  zinc  forms  a  larger  part  of  the  unoxidlzed 
ores  than  will  be  found  In  future  and  deeper  exploration. 

This  conclusion,  in  view  of  the  fact  that  no  zinc  carbonate  ore 
bodies  had  then  been  discovered  or  recognized,  seemed  very  plausible 
from  the  evidence  in  hand.  It  was  evidently  adopted  by  Emmons 
and  Irving,*  who  wrote  in  1907 : 

The  hydrous  zinc  sulphate  is  presumably  more  soluble  and  less  stable  tlian 
the  corresi>onding  iron  sulphate.  In  LeadviUe,  like  gypsum,  which  should  have 
been  formed  by  the  reaction  bejtween  iron  sulphate  and  limestone,  it  is  prac> 
tically  absent  from  the  oxidized  zone  and  must  have  been  carried  away  in  solu- 
tion or  rede];K>sited  as  a  sulphide  below  the  zone  of  oxidation.  It  has.  in  fact, 
l>een  observed  that  the  sulphide  ores  are  much  richer  in  zinc  blende  immedi- 
ately below  the  limit  of  oxidation  than  elsewhere. 

This  hypothesis  of  downward  enrichment  of  zinc  blende  tended 
to  delay  the  search  and  discovery  of  the  zinc  carbonate  ores,  as  the 
possible  existence  of  such  ores  must  have  been  dismissed  from  the 
minds  of  the  geologists  and  consequently  from  the  minds  of  the 
operators. 

The  field  evidence,  however,  on  which  this  hypothesis  was  based 
may  be  interpreted  in  another  way,  as  will  be  shown  later ;  f urther- 

^  Blow,  A.  A.,  The  geology  and  ore  deposits  of  Iron  HUl,  LeadyUle,  Colo. :  Am.  Inst, 
llln.  Bng.  Trans.,  voL  18,  pp.  168-172,  1890. 

■  BmmoBs,  8.  F.,  and  Irving,  J.  D.,  The  Downtown  district  of  Leadville,  Colo.:  U.  8. 
GeoL  Swcy  BnU.  820,  pp.  82-88,  1907. 
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more,  later  developments  have  diown  that  rich  bodies  of  zinc  blende 
are  not  limited  to  the  top  of  the  sulphide  zone ;  and  finally,  recent 
experiinental  evidence  and  field  observations  in  other  parts  of  the 
world  have  shown  that  such  deposition  of  secondary  zinc  blende  is 
veiy  untikdy. 

After  the  large  shipments  of  ore  in  1910  had  attracted  wide  atten- 
tion Emmons  addressed  a  letter  from  Dinard,  France,  to  the  Lead- 

ville  Herald-Democrat,^  in  which  he  said : 

« 
At  tbe  time  of  my  first  study  of  the  Leadville  district,  in  1880,  I  was  much 

puzzled  to  know  what  had  become  of  the  zinc.    *    *    *    I  assumed  then  that 

owing  to  the  saperlor  solubility  of  the  zinc  sulphate,  the  oxidation  products 

of  thtt  metal  bad  been  carried  much  further  than  those  of  lead  before  being 

tnuisformed  into  the  now  stable  carbonate,  and  had  possibly  becm  entirely  re- 

zDored  in  the  run-off. 

Blow's  observation  that  on  Iron  Hill  secondary  zinc  blende  had  accumulated 
in  the  upper  part  of  the  sulphide  zone  seemed  to  account  for  some  of  the 
missing  zinc,  and  from  accounts  published  by  you.  It  is  evident  that  much  of 
it  has  accumulated  as  calamine  in  the  zone  of  change  from  sulphide  to  oxide. 

Though  I  have  particularly  desired  to  study  the  zinc  of  Leadville,  I  have 
nerer  been  able  to,  because  in  1880  mine  workings  had  not  yet  reached  it,  and 
Then  I  next  visited  the  district  (1890)  they  had  gone  beyond  it,  and  owing  to 
tbe  soft  nature  of  the  ground  in  that  zone  the  drifts  leading  to  it  were  for  the 
most  part  caved  and  Inaccessibla 

It  certainly  seems  rather  strange  that  those  in  charge  of  mines,  when  this 
zone  was  exploited,  did  not  notice  such  bodies  of  calamine  as  you  describe, 
hot  it  must  be  borne  in  mind  that  calamine  is  generally  a  white-brown  earthy- 
kwkiDg  material,  which  would  not  attract  attention  unless  especially  sought 
for.  and  that  it  was  pay  ore  rather  than  material  of  only  mineraloglcal  interest 
that  they  were  seeking,  and  at  that  time  zinciferous  ores  were  a  particularly 
ondesirable  product. 

Another  reason,  mentioned  by  several  writers,'  for  the  failure  to 
recognize  oxidized  zinc  ores  is  the  fact  that  in  the  earlier  days  the 
presence  of  zinc  in  the  lead-silver  ores  and  also  in  the  iron  ores  was 
a  decided  detriment,  and  miners  in  consequence  avoided  points  where 
assays  showed  a  considerable  percentage  of  zinc.  According  to  6.  O. 
Argall  and  E.  W.  Keith,  the  presence  of  zinc  was  especially  notice- 
able in  shipments  from  the  Carbonate  Hill  and  Fryer  Hill  mines. 
The  object  of  search  in  those  days  was  lead-silver  ore,  and  as  there 
was  then  no  market  for  zinc  there  was  no  incentive  to  look  for  it, 
even  though  some  of  the  early  operators  may  have  recognized  its 
diaracter.  ArgaU  further  states  that  it  was  after  the  gradual  de- 
pletion of  the  sulphide  ores  and  in  consequence  of  the  increasing 
expense  of  deep  operations  that  exploitation  turned  again  to  the 

^Thii  letter,  dated  Oct.  11,  1910,  hAB  been  quoted  by  the  Bngineertng  and  Mining 
Joornal  (Not.  12,  1910.  p.  964)  and  by  H.  B.  Barton  in  Mines  and  Minerals  (February, 
1911.  p.  436). 

>UlDlBg  World,  Dec.  17,  1010,  p.  1147.  Keltb,  E.  W.,  LeadTllle  Herald-Democrat, 
Sept.  20.  1910,  p.  1.  Argall,  G.  O.,  Oxidised  sine  ores  at  Leadville :  Bng.  and  Min.  Jour., 
Aug.  26,  1911,  p.  899. 
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upper  levels  in  search  of  ore  that  might  not  have  been  profitably 
mined  when  first  opened  and  thus  led  to  the  discovery  of  the  char- 
actor  and  value  of  the  oxidized  zinc  deposits. 

BECENT  DI8G0VXBY  OF  OXIDIZED  ZIHC  OBE  BODIEa 

Accounts  of  the  recent  discovery  of  oxidized  zinc  ores  in  extensive 
bodies  at  Leadville  are  not  in  accord.^  Some  state  that  the  discovery 
was  made  through  the  curiosity  of  a  Leadville  assayer,  who  took  the 
time  and  trouble  to  determine  the  contents  of  a  sample  of  high  spe- 
cific gravity,  which  had  been  shown  by  assays  to  contain  little  or  no 
lead,  silver,  or  gold;  others  stete  that  the  character  of  the  material 
was  recognized  by  those  who  had  discovered  and  worked  oxidized 
zinc  ores  elsewhere  in  the  State.    According  to  J.  B.  McDonald,* 

the  first  sUicate  of  zinc  shipped  from  the  State  was  from  the  old  Madonna 
mine,  at  Monarch,  Chaffee  Goonty,  in  1902.  •  •  *  Several  hundred  tons  of 
the  ore  were  shipped.  *  ^  ^  The  first  carbonate  of  zinc  ever  shipped  from  the 
State  came  from  the  Monarch  Pool  mine,  at  Monarch,  and  the  two  highest- 
grade  cars  of  carbonate  of  zinc  ever  shipped  out  of  the  State  to  this  day  caxue 
from  this  mine.    One  car  ran  46.7  per  cent  and  the  other  47  per  cent  zinc 

The  following  year  (1908)  Mr.  McDonald  and  Mr.  Harry  Paui 
procured  a  lease  on  the  Eclipse  mine  at  Monarch  and  shipped  a 
mixed  carbonate  and  silicate  ore  almost  identical  in  character  with 
that  discovered  in  Leadville  seven  years  later.  Mr.  McDonald  stetes 
that  in  the  spring  of  1906  he  found  the  first  carbonate  and  silicate 
of  zinc  ever  found  in  commercial  quantities  in  the  Leadville  region. 
This  was  at  the  Hilltop  mine,  in  the  Horseshoe  district,  which  adjoins 
the  Leadville  district  on  the  divide  between  Lake  and  Park  counties. 

The  first  discovery  of  ore  of  this  kind  within  the  Leadville  dis- 
trict in  recent  years  was  made  in  1909  by  W.  E.  Jones,  a  lessee  in  the 
Robert  E.  Lee  mine,  who  found  a  large  body  of  zinc  carbonate. 
Shipmente  were  made  from  this  body  and  also  from  the  Penrose 
dump  but  were  of  too  low  grade  for  treatment  and  failed  to  arouse 
much  interest  in  oxidized  zinc  ores.  In  the  following  year  (1910) 
the  first  high-grade  zinc  ore,  reported  as  calamine,  was  discovered 
by  H.  E.  Burton,  H.  K.  White,  and  Alfred  Thielen  in  a  lease  at  the 
Hayden  shaft  of  the  May  Queen  mine.  This  property  was  the  first 
to  diip  high-grade  calamine  ore.  After  this  discovery  S.  D.  Nichol- 
son, manager  of  the  Western  Mining  Co.'s  properties,  began  a  search 
for  oxidized  zinc  ores  in  the  old  workings  of  the  Wolftone  and 
adjoining  claims  and  discovered  in  them  the  largest  bodies  yet  found 

>  LeadTlUe  Herald-Democrat,  Sept.  11,  1910.  and  Jan.  1.  1911 ;  Bng.  and  Min.  Jonr , 
KoT.  12.  1910,  p.  904,  and  Aug.  26,  1911,  p.  399 ;  Mln.  World.  Dec.  17,  1910,  p.  1147 ; 
ftilnes  and  Minerals,  Feb.  11,  1911,  p.  436 :  Mln.  Scl..  July  27.  1911,  p.  85. 

'Personal  Interview  with  the  writer.  A  nimllar  account  is  given  in  Mln.  Sd..  Jnly  27. 
1911.  p.  80. 
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in  the  district.  This  discovery  resulted  in  a  general  search  for  the 
ore  throughout  the  district,  with  the  result  that  smithsonite  and 
calamine  in  varying  amounts  were  found  in  a  number  of  properties 
from  Fryer  Hill  on  the  north  to  Weston  Pass  on  the  south. 

PRODUCTION. 

These  discoveries  were  made  at  a  time  when  there  was  an  increas- 
ing demand  for  zinc,  and  although  shipments  of  oxidized  zinc  ores 
began  only  at  the  end  of  1910,  they  became  very  large  in  1911,  as 
shown  in  the  table  on  page  14,  offsetting  a  marked  decline  in  the 
prodnction  of  zinc  sulphide  ore  and  increasing  the  output  of  metallic 
zinc  in  Lake  C!ounty  by  15,243,011  pounds.  This  increase,  in  spite  of 
a  decrease  of  7,996  tons  in  total  shipments  of  zinc  ores  from  the  Lead- 
Tille  district,  was  due  to  the  higher  grade  of  the  oxidized  ores.  At 
first  only  oxidized  ores  that  averaged  30  per  cent  or  more  in  zinc 
were  shipped,  but  the  increasing  price,  which  culminated  at '7  cents 
a  pound  late  in  1912  and  early  in  1913,  allowed  profitable  mining  of 
ore  containing  as  low  as  17  per  cent,  and  the  production  of  oxidized 
zinc  ores  in  1912  greatly  increased.  Some  ore  containing  as  low  ap 
15  per  cent  was  shipped  but  at  a  loss.  Most  of  the  ore  shipped,  how- 
ever, averaged  about  80  per  cent,  and  some  contained  as  high  as  40 
per  cent.    The  average  for  all  shipments  was  29.2  per  cent 

Owing  largely  to  this  increase  in  price,  which  allowed  several 
szdeU  producers  of  low-grade  ore  to  ship  at  a  profit,  many  enthusi- 
astic estimates  were  made  of  the  vast  quantity  of  ore  in  reserve ;  but 
the  rapid  decline  in  price  to  about  5  cents  a  pound  in  the  spring  of 
1913  forced  most  of  the  small  producers  to  stop  work,  and  the  pro- 
duction for  1913  was  less  than  that  for  1912.  During  the  writer's 
visit  to  the  district  in  July  and  August,  1913,  only  a  few  properties 
besides  those  of  the  Western  Mining  Co.  at  Carbonate  Hill  were 
being  worked.  Ore  containing  as  little  as  24  per  cent  of  zinc,  how- 
ever, could  be  shipped  at  a  profit  during  the  summer,  and  in  Octo- 
ber of  that  year  it  was  stated  that  22  per  cent  ore  could  be  marketed.^ 

In  January,  1914,  new  smelting  rates  made  it  possible  to  ship  car- 
bonate ore  containing  only  18  per  cent  of  zinc  The  average  con- 
tent of  ore  shipped  during  that  year  was  24.3  per  cent,  and  in  1916 
the  average  was  22.48  per  cent.  In  spite  of  this  opportunity  to  ship 
lower-grade  ores,  and  in  spite  of  the  reported  opening  of  a  large 
body  of  zinc  carbonate  ore-  averaging  25  per  cent  zinc  in  the  upper 
levels  of  the  Wolftone  mine  in  1915,'  the  production  of  oxidized 
line  ores,  as  shown  in  the  accompanying  table,  continued  to  decrease 
during  1914  and  1916,  the  decline  more  than  offsetting  substantial 

^  Bng.  and  Mln.  Jonr.,  Oct.  18,  1913,  p.  761. 
•Mining  Presfl,  Mar.  20,  1916,  p.  406. 
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increases  in  output  of  zinc  sulphide  ore.  Owing  to  the  extraordi- 
narily high  price  of  zinc  in  1915,  however,  the  total  value  of  zinc 
from  Lake  County  was  more  than  100  per  cent  greater  than  in  1914. 

Depletion  of  the  immense  deposits  in  Carbonate  Hill  was  evi- 
dently far  from  compensated  during  these  years  by  discovery  and 
development  of  oxidized  zinc  ore  bodies  elsewhere  in  the  district. 
The  production  of  both  zinc  carbonate  and  zinc  sulphide  ore  in 
1916,  however,  i^owed  an  encouraging  increase,  though  the  zinc  con- 
tent of  the  carbonate  ore  continued  to  decrease  slightly. 

The  following  figures  ^  show  the  quantities  of  oxidized  zinc  ore  pro- 
duced in  the  Leadville  district  from  the  time  of  the  first  shipments 
in  1910  to  the  end  of  1916  and  the  corresponding  quantities  of  zinc 
sulphide  shipments  in  the  district,  the  total  zinc  for  Lake  County 
(most  of  which  is  from  Leadville) ,  and  the  total  zinc  for  the  whole 
State. 

Zinc  produced  in  the  Le<idville  district,  in  Lake  County,  and  in  Colorado^ 

1909-1916. 


L«adTlIle. 

LakeCoimky. 

CJolorado. 

Ymr. 

OzidiMdor«B. 

Solphide  ores. 

Total  dnc 

(pounds,  in 

spelter  and 

oxide). 

Vahae. 

Total  sine 

(pounds,  in 

spelter  and 

oxide). 

Quantity 
(short 
tons). 

Percent 

OfliBC. 

Quantity 
(short 
tons). 

Percent 
of  sine. 

ValD«. 

10O9 

81,810,300 

77,089,048 

94,607,450 

183,222,813 

U9,840,429 

96,774,960 

104,894.994 

184,286,408 

82,786,854 
4,162,841 
6,892,625 
9,133,874 
0,683,400 
4,995,638 
12,900,779 
17,904,362 

1910 

8,050 

88,905 

142,782 

186,760 

113,881 

82,502 

85,513 

30+ 

31.1 

29.2 

27.45 

34.3 

22.48 

21.52 

163,218 
70,370 
104,148 
97,704 
111,947 
186,556 
147,295 

56,367,445 
71,610,456 
105,945,783 
93,842,857 
78,763,384 
73,408,170 
70,785,567 

88,048,843 
4,081,790 
7,810,259 
6^258,300 
4,010,980 
%989,154 

10,389,306 

1911 

23.8 

34 

88 

21.2 

22.09 

21.69 

1912 

1913 

1914 

1915 

1916 

Most  of  the  ore  thus  far  mined  has  come  from  the  immense  body 
in  Carbonate  Hill,  which  extends  through  the  claims  controlled  by 
the  Western  Mining  Co.  and  a  few  adjoining  claims.  Smaller 
amounts  have  come  from  Fryer,  Breece,  Iron,  Printer  Boy,  and  Bock 
hills,  showing  that  the  oxidized  zinc  ores,  like  the  oxidized  lead  ores, 
are  distributed  throughout  the  district  There  is,  however,  a  strik- 
ing contrast  between  these  tw6  classes  of  ore,  for  although  large 
bodies  of  oxidized  lead  ore  have  been  mined  in  all  of  these  hills,  the 
correspondingly  extensive  bodies  of  high-grade  oxidized  zinc  ore 
thus  far  discovered  are  limited  to  the  northern  part  of  Carbonate 
Hill. 

^  Henderson,  C.  W.,  Oold,  sllrer,  copper,  lead,  and  aine  in  Colorado :  U.  S.  Geot  Survey 
Mineral  fiesources,  1900  to  1016. 
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Mines  producing  owidized  zinc  ores,  19f0  to  1916, 


1910 

1911 

1912 

1912 

1914 

1915 

1916 

BIbWI  Tod        

X 

X 

RnDlaB 

X 
X 
X 

Bknnf  ........  - 

ri|niiaii«.^ 

•f *••• 

X 

X 

DdJkB 

X 

X 
X 
X 

X 
X 
X 

KBb 

X 

EDk 

X 

Fumii  RttwttMns . 

X 
X 
X 
X 
X 
X 
X 

Ganbette 

X 
X 
X 
X 
X 
X 

HMIiikI  ChM 

X 
X 

X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

Urn  n Jttle  7ohimift)  . 

X 

T«PteU(RlrkBn])                                        ... 

liHtn    .                  

X 
X 

X 

TitthOiM- 

X 

littlt  Klkm 

X 

X 

X 

X 
X 

"x" 

inndo 

MlmdeT/te 

X 

Ft»  PflBM  (Niri  Priiw) 

X 

X 

X 

X 

?^^b - 

X 

X 
X 

BitUiivJack 

X 

X 
X 
X 

X 

RfltwtB  Lm 

X 

X 
X 

X 

St  I<4ais taimd 

f^rriii^  fttMi  ^nocn ■ .  ■ 

X 

X 

X 
X 
X 

*'x" 

X 

X 
X 

T 

X 
X 
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Among  recent  developments  in  the  district  wholly  or  partly  in- 
duced by  the  mining  of  oxidized  zinc  ores  are  the  establishment  of  a 
plant  at  Leadville  for  the  treatment  of  low-grade  oxidized  zinc  ores 
and  the  un watering  of  the  Downtown,  Fryer  Hill,  and  Carbonate  Hill 
sections  of  the  district.  In  the  spring  of  1914  the  Western  Zinc  Min- 
ing &  Reducing  Co.  began  the  erection  of  a  zinc  oxide  plant  to  treat 
the  oxidized  ores.^  This  plant,  which  had  a  capacity  of  50  tons  a 
day  and  was  designed  to  treat  zinc  carbonate  ore  containing  16  per 
cent  or  less  of  zinc,  was  put  into  operation  in  the  fall  of  1914 '  but  was 
operated  for  only  a  diort  time.  In  1915,  however,  it  was  successfully 
operated  by  the  Western  Zinc  Oxide  Co.  on  low-grade  zinc  carbonate 
ores,  mainly  from  the  Robert  E.  Lee  mine,  and  was  reported  in  July 
of  that  year  to  be  yielding  150  tons  a  month  of  a  product  containing 
70  to  80  per  cent  zinc  and  realizing  $100  a  ton.'  The  plant  was  oper- 
ated steadily  during  1916.   In  April,  1917,  it  was  reported  to  be  capable 

>  Bng.  and  Mln.  Joar.,  Mar.  28,  1014,  p.  676. 
'Mill,  and  Bng.  World,  Not.  14,  1914,  p.  02. 
•Mln.  Ptmb,  July  24,  1916,  p.  144. 
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of  treating  60  tons  of  zinc  carbonate  a  day,  and  the  company  was  said 
to  be  considering  an  enlargement  of  the  plant  to  include  equipment 
for  roasting  sulphide  ores.^ 

The  unwatering  of  the  Downtown  section  of  the  district  was  begun 
in  1914  with  the  installation  of  pirnips  at  the  Penrose  shaft.  It  proved 
an  immense  undertaking  and  was  not  completed  until  1916.  During 
that  year  the  projects  to  unwater  the  Fryer  and  Carbonate  hills  sections 
were  begun.  In  1917  they  were  completed,  and  shipments  of  ore,  in- 
cluding zinc  carbonate,  were  made  from  the  newly  unwatered  ground 
in  all  the  three  sections.*  Trial  shipments  of  zinc  carbonate  ore  from 
the  Penrose  mine  yielded  25  per  cent  of  zinc' 

UETERATURE. 

Although  several  short  articles,  already  referred  to,  have  been 
written  on  the  oxidized  zinc  ores  of  Leadville,  they  deal  mostly  with 
history.  Only  three  papers  have  discussed  the  occurrence  and  gene- 
sis of  these  ores  at  any  length.  G.  O.  Argall  ^  in  1911  gave  brief  de- 
scriptions of  the  mineralogy  and  occurrence  of  the  ore  and  discussed 
the  process  of  oxidation  by  which  the  zinc  ore  was  concentrated. 
Butler'^  in  1913  described  the  occurrence  and  nature  of  the  ore  in 
somewhat  more  detail  and  announced  the  occurrence  of  two  mineral 
varieties  not  previously  recognized  in  the  district.  One  of  these  was 
an  aragonite  containing  variable  proportions  of  zinc  and  named  by 
Butler  nicholsonite,  after  S.  D.  Nicholson,  manager  of  the  Western 
Mining  Co.,  in  whose  mine  the  mineral  was  foimd.  The  other  min- 
eral was  at  first  thought  to  be  a  new  species  and  was  named  wolf- 
tonite,  from  its  discovery  in  the  Wolf  tone  mine.  Further  study,  how- 
ever, proved  this  mineral  to*  be  hetaerolite,  although  the  Leadville 
specimens  are  different  in  appearance  from  the  type  material.*  But- 
ler  also  discussed  the  origin  of  the  ore  and  the  results  of  experiments 
on  the  determination  of  the  grade  of  ore  and  on  its  concentration. 

Philip  Argall  visited  the  deposits  on  Carbonate  Hill  a  few  months 
after  the  writer's  visit  and  in  1914  published  a  very  interesting 
paper,^  laying  special  emphasis  on  the  occurrence  of  gray  zinc  car- 
bonate ore  along  fissures  in  the  lower  part  of  the  White  limestone  of 
1  ■  ■ • 

1  Min.  Press,  Apr.  14,  1917,  p.  619. 

■Hosklns,  A.  J.,  Unwatering  projects  at  Leadville:  Eng.  and  Mln.  Jour.,  Mar.  24.  1917, 
pp.  483-487.     Henderson,  C.  W.,  U.  8.  6eol.  Survey  Press  Boll.  825,  p.  8,  Jnly,  1917. 
•Mln.  Press,  Mar.  24,  1917,  p.  424. 

*  Argall,  G.  O.,  Oxidized  sine  ores  at  Leadville :  Leadville  Herald-Democrat,  Jan.  1,  1011, 
p.  6.  The  same  article  in  condensed  form  appeared  in  Bng.  and  Min.  Jour.  Aug.  28,  1911, 
p.  899. 

*  Butler,  G.  M.,  Some  recent  developments  at  Leadville,  second  paper.  The  oxidized  sine 
ores ;  E!con.  Geology,  vol.  8,  pp.  1-18,  1918 ;  reprinted  with  addendum  in  Colorado  School 
of  Mines  Quart,  vol.  8,  pp.  9-21,  1918. 

*  Written  communication  by  G.  M.  Butler  to  the  writer. 

^Argall,  Philip,  The  zinc  carbonate  ores  of  Leadville:  Min.  Umg,  (London),  vol.  10, 
pp.  282-288,  1914. 


MINERALOGY.  17 

the  Maid  of  Erin  mine — ^places  not  exposed  at  thfi  time  of  the  writer's 
visit.  The  zinc  carbonate  ore  there  grades  into  manganiferous 
siderite  a  short  distance  from  the  fissures.  Argall's  descriptions 
supplement  and  his  conclusions  are  in  accord  with  those  of  the 
Trriter. 

A  paper  of  general  interest  on  the  formation  of  oxidized  zinc  ores 
by  Wang*  was  published  in  1915,  over  a  year  after  the  present  report 
was  completed.  In  this  paper  several  experiments  were  described, 
some  of  which  confirmed  conclusions  stated  by  the  present  writer 
regarding  the  genesis  of  the  Leadville  ores  and  none  of  which  offered 
conflicting  evidence.  Wang's  conclusion,  however,  that  there  is  no 
definite  order  in  the  formation  of  smithso;iite  and  calamine  is  not 
confirmed  by  study  of  the  Leadville  ores,  in  which  smithsonite  every- 
where precedes  calamine.  The  only  specimen  from  Leadville  de- 
scribed by  Wang  is. one  composed  mostly  of  calamine  with  some 
smithsonite,  in  which  hematite  and  limonite  are  concentrated  along 
the  partings  and  cleavage  cracks  of  calamine. 

MINERALOGY. 

The  zinc-ore  and  associated  minerals  noted  in  the  oxidized  zinc 
deposits  of  the  Leadville  district  are  given  in  the  following  lists: 

Zinc-ore  mitierals.  Associated  minerals. 

Smithsonite. 

Hydrozlncite. 

Anrlchalcite. 

Xidiolsonite  (zindferonsaragonite). 

Calamine 

Hetaerollte  ("  wolftonite"). 

Chalcophanlte. 

Zinciferous  clay. 

Descbenile. 


Iron  oxides. 

Manganese  oxides  (?)• 

Dolomite. 

Manganosiderite. 

Calcite. 

Aragonlte. 

Barite. 

Plumbojarosite. 

Opal  or  chalcedony. 

Chert. 

Quartz. 

Seridte. 

Kaolin. 

Sulphides. 

Native  sllyer. 

ZINC-OBE  MINEBALS. 
SMITHSONrrE. 

Smithsonite,  the  zinc  carbonate  (ZnCOj),  is  by  far  the  most 
ibnndant  of  the  oxidized  zinc  minerals.  The  pure  mineral  should 
contain  52  per  cent  of  metallic  zinc,  but  owing  to  the  presence  of  im- 
purities, the  percentage  in  shipping  carbonate  ore  of  the  better 

>  Wang,  Y.  T.,  The  formation  of  the  oxidized  ores  of  zinc  from  the  snlphide :  Am.  InRt 
Uln.  Fng.  BalL,  September,  1916.  pp.  1959-2012. 


52757*— BulL  681—18- 


18  OXIDIZED  ZIKC  0BE8  OF  LEADVILLE,  COLO. 

grades  is  rarely  above  40  and  oommonly  not  much  above  30.  Smith- 
sonite  occurs  in  two  varieties,  deposited  in  different  stages.  Both 
may  commonly  be  noted  in  a  single  specimen.  The  older  variety 
(Pis.  I,  A;  II,  A)  contains  isomorphous  mixtures  of  iron,  mag- 
nesia, and  manganese  carbonates.  It  forms  a  dense  gray  to  pale- 
brown  mass  of  microscopic  grains,  in  part  relatively  massive  and  in 
part  containing  numerous  small  cavities  or  pockets.  The  younger 
varieties  (Pis.  Ill,  A;  IV,  ^1)  is  a  fine  drusy  growth,  colorless  to 
white  or  locally  pale  greenish  where  free  from  foreign  matter  but 
usually  of  brown  appearance,  owing  to  the  brown  iron  oxide  to  which 
it  is  attached.  The  dusty  smithsonite  has  a  weaker  absorption  and  a 
lower  index  of  refraction  than  the  dense  variety,  properties  which 
indicate  a  higher  percentage  of  zinc,  whereas  the  dense  variety  is 
correspondingly  high  in  iron.  Individual  grains  of  the  dense  ma- 
terial, however,  are  so  extremely  fine  and  so  complex  in  composi* 
tion  that  measurements  of  their  indices  can  not  be  made  with  suffi- 
cient accuracy  to  give  more  than  a  rough  approximation  to  the 
percentage  of  zinc.  The  drusy  variety  lines  small  pockets  and  mi- 
nute fractures  in  the  dense  variety,  and  close  inspection  shows  that 
in  several  places  it  forms  minute  layers  alternating  with  layers  of 
a  black  manganese  mineral  (hetaerolitef)  and  locally  with  ferric 
oxide.  (See  PL  IV,  A.)  Many  if  not  most  of  the  cavities  con- 
taining calamine  have  a  narrow  rim  of  drusy  smithsonite.  The 
crystals  of  the  drusy  variety  have  for  the  most  part  curved  or  cor- 
roded faces,  but  here  and  there  minute  though  nearly  perfect  unit 
rhombohedrons  may  be  found.  Occasionally  pockets  are  found 
containing  minute  isolated  rhombs,  more  or  less  corroded,  scattered 
over  a  surface  of  brown  iron  oxide. 

No  coarsely  fibrous  or  botryoidal  smithsonite  was  seen  by  the 
writer,  and  only  one  occurrence — ^in  the  lower  beds  of  the  White  lime- 
stone in  the  Maid  of  Erin  mine — ^has  been  reported,  to  his  knowledge.* 
In  this  respect  the  Leadville  smithsonite  is  sharply  contrasted  with 
that  in  many  well-known  deposits  of  oxidized  zinc  ores,  and  the 
absence  of  these  more  f amilar  forms  of  the  mineral  may  go  far  to- 
ward explaining  the  failure  to  realize  earlier  the  position  and  ex- 
tent of  the  oxidized  zinc  ores  in  the  Leadville  district 

HTDBOZINCITE. 

Hydrozincite,  a  basic  zinc  carbonate  (ZnC08.Zn02Hj|),  has  been  re- 
ported to  occur  here  and  there  as  a  duU-lustered  white,  soft,  earthy 
alteration  product  of  smithsonite.^    In  the  workings  accessible  to  the 

^Argall.  Philip.  The  zinc  carhonate  ores  of  Leadvllte:  Mln.  Ma«.  (London),  toI.  10, 
p.  284,  1914. 

*  Bntler.  G.  M.,  Some  recent  developniAnts  at  LeadylUe,  aeoond  paper,  The  oxidised  ilnc 
ores:  Econ.  Geology,  vol.  8,  p.  8»  1913;  reprinted  in  Coloimdo  Sdiool  of  Mines  Quart.. 
▼oL  8,  AprU.  19ia. 
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writer,  however,  the  only  earthy  white  material  found  in  the  oxidized 
zinc  ores  proved,  <m  testing,  to  be  the  zinciferous  day,  described  on 
pages  24>28. 

AUKlCUALCmB. 

Anrichalcite  is  a  basic  carbonate  of  zinc  and  copper,  2(Zn,Cu)C0«. 
3(Zn,Cu)(OH)3,  whose  zinc  content  ranges,  according  to  different 
analyses,  from  50  to  59  per  cent,  and  whose  copper  content  ranges 
from  15  to  22  per  cent.  The  pure  mineral,  according  to  Penfield,^ 
contains  53  to  54.4  per  cent  of  zinc  and  20  to  21.2  per  cent  of  copper. 
The  pure  mineral  is  of  pale-green  to  sky-blue  color,  of  pearly  luster, 
and  very  soft  and  occurs  in  drusy  coatings  or  divergent  tufts  of 
colonmar  or  needle-like  crystals. 

The  only  deposits  of  aurichalcite  noted  by  the  writer  in  Leadville 
were  in  two  small  stopes  above  the  first  level  of  the  Ibex  No.  1  (Little 
Johnny  claim).  Here  the  aurichalcite  occurs  as  pale  bluish-green 
crystals  forming  druses  or  cavity  fillings  in  light-brown  zinc  car- 
bonate ore.  (See  PI.  V,  A.)  In  thin  section  (PL  V,  B)  the  pocket 
fillings  were  found  to  consist  of  a  mixture  of  aurichalcite  and  cala- 
mine. The  calamine  predominated,  forming  diverging  groups  of 
bladelike  crystals,  in  and  through  which  were  scattered  tufts  of  fine 
needle-like  to  fibrous  crystals  of  aurichalcite.  A  thin  rim  of  drusy 
smithsonite  separated  the  calamine  and  aurichalcite  in  places  from 
the  massive  brown  ore.  One  of  the  pockets  was  found  to  have  a  mat- 
rix of  nearly  or  quite  isotropic  silica,  in  which  the  crystals  of  auri- 
chalcite and  calamine  were  embedded.  The  silica  preserved  to  some 
extent  the  granular  texture  of  the  massive  carbonate  ore,  proving 
that  the  ^  pocket  '^  had  grown  in  part,  or  been  enlarged,  by  replace- 
ment of  the  massive  ore,  and  indicating  that  the  zinc  in  the  calamine 
and  aurichalcite  had  been,  at  least  in  part,  derived  from  the  zinc  in' 
the  massive  ore.  The  source  of  the  copper  is  not  apparent.  It  is 
said  that  ore  of  this  type  from  the  Ibex  No.  1  has  run  as  high  as  4 
per  cent  copper,  but  that  no  allowance  for  the  copper  is  made  by  the 
ore  buyers.  Ore  of  a  similar  kind  is  said  to  have  been  mined  in  the 
Battling  Jack  claim,  whose  shaft  is  a  short  distance  southeast  of 
the  Ibex  No.  1  shaft. 

A  few  microscopic  needles  of  aurichalcite  were  found  in  a  thin 
section  (PL  V,  C)  of  a  calamine-quartz  vein  cutting  low-grade  red- 
dish-brown zinc  ore  in  the  Belgian  mine  (Fenton's  lease  in  1913). 
Here  also  the  aurichalcite  grew  simultaneously  with  the  calamine; 
the  two  zinc  minerals  grew  inward  from  the  sides  of  the  vein,  and 
their  terminations  are  embedded  in  a  central  filling  of  chalcedonic 
quartz.    Some  of  the  aurichalcite  needles  are  bent,  and  fragments 

^  Pealleld,  B^  I^  One  the  ehemlcml  oompoBttlon  of  anriclialclte :  An.  Joar.  Sd.,  3d  ser^ 
VOL  41,  ppi  loe-108,  1881. 
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of  calamine  blades,  which  may  have  been  broken  from  the  mar^s, 
are  inclosed  in  the  central  portion  of  the  vein,  suggesting  that  there 
was  a  sluggish  flowing  of  fluid  (or  gelatinous)  silica  during  or  just 
after  the  growth  of  the  aurichalcite  and  calamine  crystals. 

The  fact  that  these  were  the  only  occurrences  of  aurichalcite 
noted  in  the  district  indicates  that  the  mineral  is  a  very  minor  con- 
stituent of  the  general  nm  of  the  oxidized  zinc  ores.  Its  relative 
abundance  in  the  Ibex,  which  lies  in  the  copper-gold  belt,  is  signifi- 
cant, and  its  occurrence  in  considerable  quantities  is  doubtless  limited 
to  this  belt. 

CALAMINE. 

Calamine  is  a  hydrous  silicate  of  zinc,  whose  formula  may  be 
written  HjZnaSiO„  (ZnOH)2.SiO„  or  HjO.2ZnO.SiO2.  The  pure 
mineral  contains  54.2  per  cent  of  metallic  zinc  It  occurs  typically  in 
fine  to  coarse  druses  of  white  to  colorless  bladed  crystals  (PL  IV) ,  or 
in  aggregates  of  diverging  crystal  groups,  which  may  partly  or 
completely  fill  cavities  (fig.  2,  p.  42).  Sheaf -like  aggregates,  com- 
posed of  crystals  welded  along  their  brachypin%coids,  are  occasionally 
found.  The  crystals  in  these  cavities  are  tabular  parallel  to  the 
brachypinacoid,  whidi  is  vertically  striated.  Many  of  the  crystals 
are  terminated  by  a  blunt  point  formed  by  two  macrodomes ;  others 
by  a  sharper  point  where  the  blunt  macrodomes  are  subordinate  to 
steep  macrodomes.  Less  commonly  the  nearly  flat  brachydomes  pre- 
dominate, producing  a  blunt  chisel-like  termination,  and  in  a  few 
specimens  the  "  chisel  edge  "  was  seen  to  be  truncated  by  the  basal 
pinacoid.  One  small  pyramid  face  was  noted  by  Butler.*  Prism 
faces  are  present  but  not  conspicuous.  The  calamine  also  fills  small 
fractures,  in  a  few  of  which  it  is  accompanied  by  amorphous  or  micro- 
crystalline  silica.  In  one  exceptional  specimen,  foimd  by  K.  S.  Fitch 
on  the  dump  at  the  Adams  shaft,  August,  1913,  calamine  crystals 
are  coated  with  minute  quartz  crystals.  The  calamine  crystals  have 
grown  upon  both  massive  and  drusy  smithsonite,  and  on  red  and 
brown  iron  oxides  and  black  manganese  oxides.  (See  Hetaerolite.) 
They  may  inclose  small  particles  of  the  iron  and  manganese  minerals 
and  be  correspondingly  darkened  in  color.  They  are  also  found  in 
pockets  or  fractures  in  limestone  near  zinc  carbonate  ore  bodies,  and 
some  veinlets  cut  hetaerolite  and  zinciferous  clay  ore,  both  of  which 
are  described  below.  One  specimen,  found  on  the  May  Queen  dump, 
was  so  filled  with  brown  oxide  of  iron  as  to  have  a  brown  opaque  ap- 
pearance, and  only  its  crystal  habit  gave  a  clue  to  its  identity.  In 
this  and  certain  other  specimens  the  calamine  appears  to  have  grown, 
at  least  in  part,  by  the  replacement  of  brown  massive  smithsonite  ore 

^Butler,  G.  M.,  Some  recent  developments  at  LeadylUe,  second  paper,  The  oxidized 
line  ores :  Bcon.  Geology,  toI.  8,  p.  7,  1918. 
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alosg  cayities  or  fractures.  In  still  other  specimens,  where  the 
calamine  rests  upon  other  drusy  minerals  or  fills  a  network  of  frac- 
tures inclosing  sharply  angular  fragments  of  brown  carbonate  ore, 
the  calamine  was  unquestionably  deposited  by  infiltrating  waters 
without  detectable  replacement. 

HETAEROLTTE   ("  WOLETONITE  "). 

The  mineral  hetaerolite  was  not  recognized  at  Leadville  until  the 
development  of  the  oxidized  zinc  ores  was  begun.  It  was  at  first  be- 
lieved to  be  a  new  species  and  was  therefore  named  wolftonite,^  after 
the  mine  in  which  it  was  found,  but  further  study  proved  it'  to  be 
hetaerolite.  It  is  composed  principally  of  oxides  of  zinc  and  man- 
ganese, with  smaller  amounts  of  silica  and  water.  Opinions  differ 
as  to  its  chemical  formula.  The  mineral  was  first  described  by 
Moore'  in  1877  from  a  specimen  found  at  the  Passaic  zinc  mine, 
Sterling  Hill,  near  Ogdensburg,  Sussex  County,  N.  J.  Moore  de- 
scribed the  physical  properties  and  occurrence  of  the  mineral  and 
stated  it  to  be  a  zinc  hausmanite  (ZnCMnsOg)'  but  published  no 
analyses.  It  occurred  in  association  with  chalcophanite  in  ocherous 
limonite,  the  chalcophanite  usually  forming  a  thin  coating  over  it. 

In  1910  Palache^  studied  a  new  lot  of  material  from  Franklin 
Furnace,  N.  J.,  and  agreed  with  Moore  that  the  hetaerolite  was  a  zinc 
hausmanite.  He  assigned  it  to  the  tetragonal  system  of  crystalliza- 
tion and  stated  that  it  had  an  indistinct  cleavage.  The  material  was 
analyzed  by  W.  T.  Schaller,  of  the  United  States  Geological 
Survey  (see  colimm  1  on  p.  23),  and  shown  to  contain  small  amounts 
of  silica  and  water,  the  latter  being  attributed  to  a  slight  admixture 
.  of  chalcophanite. 

In  1913  Ford  and  Bradley*  published  a  description  and  analysis 
of  a  specimen  of  the  Leadville  hetaerolite,  taken  from  the  Wolftone 
mine.  They  described  it  as  a  rare  vug-filling  mineral,  found  with  a 
radiating  mammillary  structure,  whose  outer  surfaces  are  generally 
smooth  and  rounded.  The  mineral  showed  a  splintery  fracture,  and 
individual  splinters  showed  a  prismatic  structure.  Under  the  micro- 
scope the  finest  fragments  were  birefringent  and  had  an  extinction 
parallel  to  the  prism  edges,  but  no  further  indication  of  its  crystal 
form  could  be  discovered.  Its  hardness  was  found  to  be  between  6.5 
and  6,  and  its  specific  gravity  was  determined  as  4.6.    Its  luster  was 

^Butler,  G.  M.,  op.  clt,  p.  8. 

'  Moore,  G.  B.,  Preliminary  notice  of  the  discovery  of  a  new  mineral  species :  Am.  Jour. 
ScL.  8d  ser^  ▼ol.  14.  p.  423,  1877. 

'The  formula  for  hausmanite  la  MnaOi  or  MnO.MntOs. 

*  Palacbe,  Charles,  Contributions  to  the  mineralogy  of  Franklin  Furnace.  N.  J. :  Am. 
Jour.  ScL,  4th  ser.,  vol   29.  pp.  177-187,  1910. 

■  Ford,  W.  B..  and  Bradley.  W.  H..  On  hetaeroUte  from  Leadrllle,  Colo. :  Am.  Jour.  Sd., 
4th  ser./TOl.  85,  pp.  600-604,  1918. 
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submetallic,  its  color  dark  brownish  to  black  locally,  with  a  bright 
varnish-like  exterior,  and  its  streak  dark  chocolate-like  brown. 
It  was  infusible,  but  on  charcoal  with  sodium  carbonate  gave  the 
characteristic  zinc  oxide  coating  and  with  fluxes  gave  the  color  reac- 
tions indicative  of  manganese.  It  was  easily  dissolved  in  hydro- 
chloric acid,  giving  off  chlorine  gas.  In  the  closed  tube  it  yielded 
water  but  did  not  give  off  oxygen  gas.  The  index  of  refraction 
of  hetaerolite  was  determined  by  Ford  and  Bradley  to  be  above 
1.78.  It  was  determined  by  E.  S.  Larsen,  of  the  United  States 
Geological  Survey,  from  material  collected  by  the  writer  to  be  2.19 
and  2.22. 

The  writer  can  add  to  the  above  description  that  the  mineral  is  of 
widespread  occurrence  in  the  oxidized  zinc  deposits  of  Leadville, 
though  he  found  no  specimens  equal  in  size  to  those  found  in  one  part 
of  the  Wolftone  mine.  It  has  also  been  recently  found  by  Philip  Ar- 
gall  on  the  fourth  level  of  the  Tucson  mine,  filling  small  fractures  in 
manganosiderite,  well  below  the  levels  where  oxidized  zinc  ores  have 
been  mined.^  The  mineral  occurs  mostly  as  thin  drusy  bands,  alone 
or  alternating  with  smithsonite,  around  cavities;  also  as  fillings  of 
small  fractures,  or  as  linings  of  fractures  that  are  centrally  filled  with 
calamine  or  zinciferous  clay.  Its  surface  may  be  exposed,  or  it  may 
be  covered  by  calamine  druses,  the  crystals  of  hetaerolite  appearing 
to  end  abruptly  where  those  of  calamine  begin.  In  some  specimens 
small  central  clusters  of  distinct  hetaerolite  crystals  grade  outward 
into  black  stains  that  spot  or  mottle  a  considerable  part  of  the  brown 
carbonate  ore.  This  relation  leads  to  the  suggestion  that  all  the 
black  manganese  oxide  stains  and  spots  in  the  zinc  carbonate  ores  may 
be  incipient  segregations  of  hetaerolite  and  not  of  psilomelane,  as 
would  at  first  be  supposed.  Wherever  seen  these  black  stains  bear 
the  same  paragenetic  relations  to  the  later  smithsonite  and  to  cala- 
mine as  the  undoubted  occurrences  of  hetaerolite.  Locally  hetaero- 
lite may  be  the  most  conspicuous  mineral  in  the  ore,  giving  it  a  black 
or  brownish-black  color.  In  one  specimen  of  this  character,  from 
the  Tucson  mine,  the  hetaerolite  crystals  are  very  distinct,  having 
grown  along  intersecting  fractures  and  inclosing  dark-brown  soft, 
earthy  material  of  low  grade.  In  other  specimens  of  similar  color 
the  mineral  is  not  visibly  crystallized.  The  Tucson  specimen  strongly 
indicates  that  the  hetaerolite  was  formed  by  the  segregation  of  zinc 
and  manganese  from  the  massive  carbonate  ore,  which  left  a  residue 
composed  largely  of  iron  oxides.  This  origin  is  also  suggested  by 
several  other  specimens,  some  of  which  contain  undoubted  hetaerolite 
and  others  only  the  black  stains. 

>  Specimen  taken  in  June,  1014,  and  sent  to  the  writer  for  identification. 
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In  oolumn  1  below  is  an  analysis  made  by  W.  T.  Schaller^  of 
hetaerolite  from  Franklin  Furnace,  N.  J.;  in  columns  2  and  3  are 
analyses  of  the  Leadville  hetaerolite  made  respectively  by  Bradley  * 
and  by  Chase  Palmer,  of  the  United  States  Greological  Survey ;  and 
in  column  4  a  partial  analysis  by  Haigh.* 

AnalyacM  of  hetaeroUte, 


I 

2 

3 

4 

MwOi           

60.44 

MnOflO.84 
S.00 

40.13 

5wfi0 

.67 

37.66 

Undet. 

2.01 

3.78 

45.0 

0 

FeiOi 

.77 
33.48 

5u0 

ZnO , 

87.56 

Tnoe. 

2.60 

^           4.36 

37.1 

CaO.. 

8iOi 

1.71 
2.47 
1.42 

•  2.0 

HiO-*..."II ! 

Hrf)^. 

4.7 

100.24 

100.04 

00.65 

05.6 

•  Inaolable. 

In  discussing  analysis  2,  Ford  and  Bradley  state  that  the  structure 
of  the  mineral  was  such  as  to  suggest  that  the  silica  is  due  to  the 
presence  of  calamine,  and  that  if  so  about  10  per  cent  of  calamine 
is  present-^a  large  amount  to  escape  discovery;  but  they  thought 
that  the  fibrous  structure  of  the  hetaerolite  might  well  conceal  this 
amount.  By  recalculation,  with  allowance  for  the  calamine,  analysis 
2  is  found  to  correspond  closely  to  the  formula  2ZnO.2Mn2O3.H2O. 
Recalculation  of  analysis  1,  including  11,0  but  not  SiO,,  yielded 
the  same  formula,  which  Ford  and  Bradley  conclude  should  be  the 
formula  for  hetaerolite,  instead  of  2jnO.Mn208,  as  stated  by  Moore 
and  later  by  Palache;  but  they  add  that  ^^  it  may  be  that  the  exact 
composition  of  hetaerolite  can  not  be  settled  until  purer  material 
can  be  analyzed." 

The  best  specimens  collected  by  the  writer  show  the  hetaerolite 
to  be  a  distinctly  earlier  growth  than  calamine,  and  the  purest  ma- 
terial, when  crushed  to  a  fine  powder  and  examined  under  the  micro- 
scope, gave  no  indication  of  calamine,  even  fine  specks  of  which 
should  be  easily  distinguishable  from  the  hetaerolite.  Chemical 
analysis  (column  8  in  the  preceding  table)  shows  it,  however,  to  be 
practically  identical  with  the  material  analyzed  by  Bradley  (column 
2).  O.  M.  Butler^  has  expressed  the  conviction  that  the  silica  is  an 
essential  constituent  of  the  mineral  but  has  not  suggested  a  corre- 
sponding formula.  Nevertheless,  the  fact  that  silica  and  the  excess 
of  ZnO  over  that  necessary  for  the  ratio  2ZnO.2Mn2Os.H2O  are  in 
the  same  ratio  as  in  calamine  is  certainly  significant,  although  just 
what  the  significance  is  must  for  the  present  be  left  to  speculation. 

*  Palache,  Charles,  op.  dt,,  p.  180. 

*  Ford,  W.  B.,  and  Bradley,  W.  M.,  op.  dt.,  p.  602. 
•Halgh,  Q.,  partial  analysis  quoted  1^  Ford  and  Bradley. 

*  Written  eommunlcatlen. 
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Chalcophanlte,  like  hetaerolite,  is  a  manganese-zinc  oxide,  with  the 
formula  (MnyZn)O^Mn02J2H30,  containing  about  21  per  cent  of 
zinc  oxide.^  It  is  closely  associated  with  hetaerolite,  both  at  Frank- 
lin Furnace,  N.  J.,  and  at  Leadville,  Colo.  It  differs  from  hetaerolite 
in  certain  physical  and  chemical  properties.  In  some  specimens 
collected  by  the  writer  at  Leadville  it  forms  druses  of  minute  tabular 
crystals  of  the  rhombohedral  system,  coating  botryoidal  surfaces  and 
filling  occasional  cracks  in  hetaerolite.  In  others  it  forms  foliated 
crusts  coating  brown  smithsonite  and  covered  in  turn  by  calamine 
druses.  (See  PI.  I,  B,)  Dana  states  that  it  also  forms  stalactitic 
and  plumose  aggregates.  Its  hardness,  as  given  by  Dana,  is  only 
2.5 ;  its  specific  gravity  3.91.  Its  luster  is  metallic  and  brilliant ;  its 
color  bluish  black  to  iron-black ;  and  its  streak  chocolate-brown.  In 
the  closed  tube  it  gives  off  water  and  oxygen  and  exfoliates  slowly, 
and  its  color  changes  to  a  golden  bronze.  Before  the  blowpipe  a 
similar  change  of  color  takes  place,  accompanied  by  slight  fusion 
on  thin  edges,  and  it  is  this  bronzy  appearance  that  has  given  rise 
to  the  mineral  name. 

Since  the  above  paragraph  was  written  specimens  of  Leadville 
chalcophanite  collected  by  F.  B.  Laney  have  been  studied  by  Ford,' 
whose  description  verifies  the  properties  above  mentioned.  He  found 
that  very  thin  plates  under  the  microscope  are  sufficiently  transparent 
to  give  a  negative  uniaxial  interference  figure. 

.  »     •. 

ZINCIFEROnS  GLAT. 

Three  varieties  of  zinciferous  clay  have  been  recognized  in  the 
Leadville  mines — ^white,  brown,  and  black.  The  white  and  brown  are 
the  most  abundant.  The  white  clay  (PI.  VI,  il)  is  very  similar  in 
appearance  to  kaolin  and  is  one  of  the  materials  included  under  the 
local  name  "  Chinese  talc."  The  fresh  material,  however,  is  harder 
(about  3)  and  of  more  waxy  luster  than  kaolin  and  does  not  slake 
or  become  plastic  even  when  immersed  in  water  for  several  days.  Its 
fracture  is  conchoidal.  Weathered  or  leached  portions  of  it  are  of 
earthy  appearance  and  slake  readily  in  water.  It  has  been  found  at 
the  base  of  porphyry  sheets  in  the  Waterloo  •  and  New  Dome  mines, 
forming  in  the  latter  a  layer  1  to  2  feet  thick  that  separates  the  sill 
from  an  underlying  body  of  reddish-brown  zinc  carbonate  ore.  It 
has  also  been  found  in  the  Yankee  Doodle  mine,  where  it  forms  a 
layer  about  2  feet  thick  immediately  beneath  a  thin  bed  of  silicified 

^Dana,  J.  D.,  System  of  mineralogy,  6th  ed.,  p.  266. 

'  Ford,  W.  B.,  Mineraloglcal  notes :  Am.  Jour.  Set.,  4th  ser.,  vol.  38,  p.  502.  1914. 
•  Emmons,  S.  F.,  Geology  and  mining  Industry  of  Leadville,  Colo. :  U.  8.  Oeol.  Survey 
Hon.  12,  p.  660,  1886.     milebrand,  W.  F^  idem.  p.  606. 
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A.  WHITE  ZINCIFEROUS  CLAY. 

B.  BROWN  DKNSE  ZINCIFEROUS  CLAY. 

C.  BROWN  BA^DED  ZINCIFEROUS  CLAY. 

D.  E.    AHAGONITE  FILLING  CAVITIES  IN  BROWN  IRON  OXIDE. 
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shale.  These  occurrences  are  of  sufficient  size  to  be  called  smiall  ore 
bodies.  Here  and  there  are  fissure  deposits  and  small  patches  and 
pocket  fillings  of  day  in  the  zinc  carbonate  ore  bodies. 

One  specimen  found  on  the  New  Discovery  dump  contains  calamine 
veinlets,  locally  expanded  into  drusy  pockets,  so  distributed  as  to 
suggest  that  the  calamine  was  formed  in  shrinkage  cracks  from  ma- 
terial extracted  from  the  clay. 

Under  the  microscope  the  clay  from  the  Yankee  Doodle  appears  as 
an  interlocking  aggregate  of  minute  fibers,  of  pale-brown  color,  non- 
pleochroic,  with  rather  strong  birefringence  and  positive  elongation. 
Its  mean  index  of  refraction  is  a  little  above  1.58.  The  general  ap- 
pearance of  the  fibers  is  very  similar  to  that  of  sericite  fibers.  Clay 
of  similar  megascopic  appearance,  from  a  pronounced  fissure  in  the 
Maid  of  Erin  mine,  has  optical  properties  more  like  those  of  kaolin, 
being  traversed  by  a  network  of  sericite-like  fibers  of  higher  bire- 
fringence and  containing  a  few  small  calamine  crystals.  These 
features,  together  with  the  relatively  low  specific  gravity  of  the  ma- 
terial, suggest  that  it  is  kaolin  containing  a  stnall  percentage  of  zinc, 
mostly  in  the  form  of  the  sericite-like  mineral. 

The  brown  variety  is  more  widely  distributed  but  is  nearly  all 
Umited  to  small  deposits,  such  as  the  light-brown  seams  along  bedding 
and  joint  planes  and  a  few  cavity  fillings.  Those  along  bedding  and 
joint  planes  are  of  bright  waxy  luster  and  of  uniform  dense  texture 
(PL  VI,  B)j  those  filling  vugs  are  of  more  or  less  waxy  luster  and 
may  have  a  pronounced  finely  banded  structure  (PI.  VI,  C),  strongly 
resembling  that  of  a  sedimentary  clay.  Both  varieties  slake  rapidly 
in  water  but  lack  the  high  degree  of  plasticity  so  characteristic  of 
ordinary  clays.  The  bright  waxy  material  slakes  into  small  chips 
or  splinters  but  does  not  become  plastic ;  material  somewhat  softened 
and  dulled  by  weathering  has  a  tendency  to  become  plastic  but  lacks 
the  stickiness  of  ordinary  clay,  as  well  as  the  characteristic  odor. 

An  exceptional  occurrence  of  the  brown  variety,  sufficiently  large 
to  be  called  a  small  ore  body,  was  seen  in  the  Belgian  mine  (Fenton's 
lease  in  1913),  replacing  limestone  along  fi&sures  just  beneath  a  sheet 
of  Gray  porphyry.  It  was  identical  in  appearance  with  low-grade 
zinc  carbonate  ore  but  yielded  no  effervescence  when  immersed  in 
hydrochloric  acid.  In  this  section  it  was  found  to  consist  of  aggre- 
gates of  the  minutely  fibrous  sericite-like  mineral,  more  or  less 
stained  and  obscured  by  iron  and  manganese  oxides.  Microscopic 
vugs  contained  growths  of  the  same  mineral  with  radial  arrangement 
around  the  borders.  The  larger  of  these  vugs,  or  local  enlargements 
of  veinlets,  contain  calamine  and  the  sericite-like  mineral  so  inti- 
mately mixed  as  to  indicate  that  the  two  must  have  grown  at  the 
same  time,  though  the  sericite-like  mineral  evidently  began  first, 
giving  rise  to  the  radial  borders.    It  was  traversed  by  many  short 
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mnlets  of  calamine  with  black  borders  of  manganese  oxide.  Oiher 
manganese  spots  and  streaks  were  also  present. 

A  partial  analysis  by  B.  C.  Wells  shows  the  presence  of  17.8  per 
cent  of  insoluble  matter  and  18.7  per  cent  of  zinc  oxide  (or  15  per 
cent  of  zinc).  The  remainder,  as  shown  by  qualitative  tests,  con- 
tained a  large  amount  of  iron  oxide  and  small  amounts  of  magnesia 
and  lime.  The  insoluble  matter  doubtless  indicates  the  amount  of 
silica  in  the  sericite-like  mineral,  or  zinciferous  clay.  The  zinc  oxide 
represents  a  little  calamine  as  well  as  the  sericite-like  mineral.  The 
material  evidently  consists  essentially  of  zinciferous  clay,  a  little 
calamine,  iron  oxide,  and  a  little  manganese  oxide. 

The  black  variety  was  noted  in  conspicuous  amount  only  at  one 
place,  where  the  white  clay  in  the  Yankee  Doodle  mine  was  locally 
stained  by  manganese  oxide. 

The  chemical  composition  of  the  zinciferous  clays  is  shown  by  the 
following  analyses: 

Analyses  of  zinciferous  t^ys. 


1 

2 

3 

4 

5 

fliOt    

37.54 

24.76 

.64 

35.07 
8.81 

35.33 
10.38 

35.57 

10.80 

.40 

Undet. 

.82 

.48 

31.49 

None. 

Undet. 

Undet 

6.32 

Undet. 

None. 

Undet. 

86.40 

AlaOi. 

7.00 

Tm^t 

2.48 

FeO 

Undet. 

lleO 

.71 

.63 

18.43 

.80 

1.87 

35.40 

.71 

1.62 

33.05 

.07 

Cab 

1.44 

ZnO 

33.46 

PbO ^ 

Undet. 

NaiO /. 

.36 

.66 

•  11.07 

&.03 

Undet. 

B^O 

Undet 

Hfl04> 

a7.20 
10.26 

•  7.42 
.    11.64 

7.06 

HtO- 

Undet. 

COi 

Undet. 

p-0« 

Undet. 

Zn 

100.10 

100.31 

100.16 

»86.88 
25.30 

88.00 
26.88 

•HUlebnnd'B  analysis  as  tabulated  gave  only  total  water,  but  the  amonnt  of  bygro- 

opic  water  In  each  analysis  Is  stated  in  the  text  (op.  cit,  p.  605). 

*j3y  comparison  with  analyses  1,  2,  and  8,  the  deficiency  appears  to  be  chiefly  hygro- 


scopic water. 


Lower  Waterloo  mine.     W.  F.  Hillebrand. 


1, 2,  8.  "  Alteration  product  of  porphyry,"  Lowei 
analyst     U.  S.  Oeol.  Snnrey  Mon.  12,  p.  608,  1886. 

4.  White  sinciferous  clay,  Yankee  Doodle  mine.     George  Steiger  analyst 
6.  Brown  einciferotts  clay,  New  Discovery  mine.     George  Steiger,  analyst. 

The  first  three  analyses  represent  material  obtained  directly  under 
porphyry;  the  fourth  represents  the  Yankee  Doodle  deposit,  beneath 
a  silicified  shaly  bed;  the  fifth  represents  the  brown,  finely  banded 
type.  In  spite  of  variations  in  the  mode  of  occurrence  and  appear- 
ance, the  five  analyses  are  very  similar  to  one  another  in  many  re- 
spects, but  attempts  to  calculate  the  mineral  composition  of  the  ore 
yield  varying  and  only  inconclusive  results.  The  Yankee  Doodle 
material  (No. 4), after  kaolin  and  calamine  are  calculated, has  still  an 
excess  of  silica  and  zinc,  the  molecular  proportion  of  the  former  be- 
ing a  little  more  than  double  that  of  the  latter.    In  the  brown  banded 
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variety  (No.  5)  the  alumina  and  all  the  zinc  can  be  assigned  to 
kaolin  and  calamine,  respectively,  leaving  an  excess  of  silica  and 
combined  water  in  the  approximate  ratio  of  11  to  2.  Attempts  to  find 
some  definite  relations  between  certain  constituents  by  plotting  their 
percentages  on  a  diagram  (fig.  1)  do  not  give  very  definite  evidence, 
except  that  the  percentage  of  zinc  oxide  (ZnO)  varies  inversely 
as    that     of     alumina 

(AlA)-    Thebirefrin-        -^^ ^  ^  ^  ' 

genoe  of  the  clays  shows 
that  crystalline  matter 
is  present,  and  it  may  be 
suggested  that  they  con- 
tain kaolin  or  some 
closely  related  alumi- 
nam  silicate,  its  optical 
properties  changed  by 
dissolved  impurities, 
but  if  it  were  suggested 
that  such  an  alimiinimi 
silicate  held  the  other 
constituents  in  solid  so- 
lution, it  would  be  nec- 
essary to  assume  that 
one  molecule  of  it  could 
hold  in  solution  several 
molecules  of  each  of  the 
other  substances — a 
questionable  property. 
The  low-grade  clays, 
furthermore,  show  in 
thin  section  that  the 
higher  birefringent 
mineral  forms  a  net- 
work impregnating  a 
mass  with  optical  prop- 
erties like  those  of 
chalcedonic  silica  and 
kaolin.  If  the  highly 
birefringent  portion 
could  be  analyzed  sepa- 
rately it  would  probably  show  as  high  a  ratio  of  zinc  oxide  to  alu- 
mina as  the  high-grade  clays.  The  fact  that  the  percentage  of 
zinc  oxide  varies  inversely  as  the  percentage  of  alumina  suggests 
replacement  by  zinc  of  aluminmn  in  the  kaolin  molecule.  The 
low-grade  deposits  indicate  that  such  replacement  has  occurred  in 


Fioinu  1. — Diagram  showing  percentages  of  constltn- 
ents  in  sludferous  days,  arranged  In  order  of  In- 
creasing alumina. 
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clays  previously  deposited,  but  at  least  some  of  the  high-grade 
clays  indicate  that  zinc  has  taken  the  place  of  aluminum  in  soluticm 
and  that  the  zinciferous  clay  has  resulted  from  direct  chemical  pre- 
cipitation. 

Whatever  its  true  nature,  the  zinciferous  clay  has  certain  relations 
to  definite  minerals,  as  is  shown  by  its  contemporaneous  deposition 
with  calamine,  described  on  page  20.  This  relation  may  suggest 
that  when  zinc  is  above  a  certain  ratio  to  alumina  its  excess  may 
crystallize  as  calamine,  but  analyses  of  Missouri  ^'tallow  clays'"^ 
hardly  bear  out  this  suggestion.  The  veinlets  and  pockets  of  cala- 
mine in  the  clay,  mentioned  on  page  20,  suggest  that  under  favorable 
conditions  the  clays  that  were  formed  first  may  later  separate  into 
calamine,  silica^  and  kaolin,  the  silica  and  kaolin  remaining  as  a 
microscopic  mixture.  The  fact  that  zinc  and  silica,  in  the  absence  of 
alumina,  crystallize  readily  as  calamine  and  opal  or  chalcedony  or 
quartz  is  demonstrated  by  the  intimate  association  of  these  minerals 
in  several  places  in  the  Leadville  district.  The  presence  of  alumina 
therefore  seems  the  critical  factor  in  causing  the  deposition  of  the 
clays  instead  of  calamine  and  other  distinct  minerals. 

DESCHENITE. 

According  to  Emmons  and  Irving,*  deschenite,  or  the  vanadite  of 
lead  and  zinc,  is  found  as  an  accessory  and  rather  rare  mineral  asso- 
ciated with  the  ore  bodies,  but  no  description  of  its  mode  of  occur- 
rence is  given.    This  mineral  was  not.  found  by  the  writer. 

ASSOCIATED  MINERALS. 

IRON  OXIDES. 

By  far  the  greatest  part  of  the  oxidized  zinc  ores,  of  both  high  and 
low  grade,  are  colored  brown  or  reddish  brown  by  oxides  of  iron. 
The  ores  contain  both  limonite  and  turgite,  as  suggested  by  their 
colors  and  by  calculation  of  the  analyses  given  on  page  47,  and  per- 
haps also  goethite  and  earthy  hematite.  Besides  coloring  the  ores, 
these  oxides  form  large  masses  of  siliceous  iron  ore  of  varying 
grades,  some  of  which  have  been  found  above  and  others  beside 
bodies  of  oxidized  zinc  ore.  Small  masses  or  segregated  deposits  of 
brown  iron  oxide  containing  negligible  amounts  of  zinc  are  also 
found  here  and  there  within  the  zinc  ore  bodies  and  even,  rather 
exceptionally,  under  them.  Iron  oxide  appears  to  have  been  de- 
posited at  all  stages,  from  the  earliest  carbonate  ore  stage  down  to 

*  Seamon,  W.  H.,  The  zinciferous  clays  of  southwest  Missouri  and  a  theory  as  to  the 
growth  of  calamine  of  that  section :  Am.  Jour.  Set.,  3d  ser.,  vol.  39,  pp.  38-42,  1890. 

•  Bmmon.s  S.  F.,  and  Irving,  J.  D.,  The  Downtown  district  of  Leadville.  Colo. :  U.  8. 
QeoL  Survey  Bull   820,  p.  33,  1907. 
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the  present  time.  In  a  thin  section  of  a  specimen  from  a  zinc  stope 
on  the  Tucson  No.  1  level  the  iron  oxide  preserves  the  texture  of  the 
original  dolomite  (Blue  limestone)  and  was  evidently  deposited  to- 
gether with  silica  before  or  quite  as  early  as  any  zinc  carbonate  ore. 
The  bodies  of  iron  oxide  accompanied  by  kaolin  and  silica,  which 
are  commonly  found  in  layers  from  6  inches  to  5  or  6  feet  in  thick- 
ness between  overlying  lead  carbonate  stopes  and  underlying  zinc 
carbonate  stopes,  were  also  probably  deposited  during  or  just  before 
the  first  zinc  carbonate  stage,  but  they  may  be  in  part  residual,  hav- 
ing been  produced  by  re-solution  and  downward  migration  of  the 
topmost  parts  of  the  zinc  carbonate  ore  bodies.  The  iron  oxide  ores 
of  shipping  grade,  so  far  as  they  have  been  seen  in  contact  with  or 
in  close  proximity  to  the  oxidized  zinc  ores,  appear  to  have  been  de- 
posited as  early  as  the  first  stage  of  zinc  carbonate.  The  iron  oxides 
in  the  brown  zinc  ores  have  been  for  the  most  part  derived  from  the 
oxidation  of  ferrous  carbonate,  which  was  a  constituent  of  the  zinc 
nirbonate  of  the  first  stage.  There  was  evidently  more  or  less  migra- 
tion in  solution  of  some  of  this  iron  before  oxidation,  thus  accounting 
for  the  local  segregated  deposits  within  and  below  the  zinc  ore 
bodies.  Gray  zinc-iron  carbonate  ore  may  be  seen  to-day  partly 
stained  by  iron  oxide  that  is  evidently  still  in  process  of  formation. 

HANGAKESE  OXIDES. 

Black  oxide  of  manganese  occurs  in  much  the  same  variety  of 
ways  as  the  red  and  brown  oxides  of  iron  and  needs  no  detailed 
description.  Although  much  or  all  of  the  black  manganese  oxide 
occurring  outside  of  the  zinc  ore  bodies  is  psilomelane,  accompanied 
by  small  amounts  of  pyrolusite,  it  seems  probable  that  the  black 
stains  and  coatings  in  or  on  the  zinc  ores  is  the  zinc-manganese 
mineral  hetaerolite,  accompanied  in  places  by  chalcophanite,  both 
of  which  have  already  been  described.        (See  pp.  21-24.) 

DOLOMITB. 

Dolomite  occurs  only  as  unreplaced  portions  of  wall  rock  (Blue 
or  White  limestone) ,  either  as  inclusions  within  the  zinc  ore  bodies 
or  as  incomplete  replaced  walls.  Analyses  of  different  ore  samples 
show  varying  but  small  amounts  of  magnesia,  usually  or  always  in 
too  great  a  ratio  to  lime  to  form  dolomite.  It  appears  that  during 
the  replacement  of  dolomite,  the  lime  content  was  nearly  or  quite 
all  removed,  whereas  a  small  amount  of  magnesia  remained  with 
the  ore. 

MANOANOSH>BRITE. 

Manganosiderite,  like  dolomite,  has  been  found  as  inclusions  or 
replaced  rentmants  in  the  oxidized  zinc  ore  bodies  of  the  Maid 
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Erin  mine.  These  inclusions  are  of  especial  interest,  as  they  prove 
that  manganosiderite,  as  well  as  dolomite,  has  been  replaced  by  the 
zinc  carbonate  ores.  Thin  sections  of  specimens  from  these  man- 
ganosiderite  inclusions  show  small  amounts  of  chalcedonic  quartz 
and  sericite  accompanied  by  small  grains  of  pyrite,  zino  blende,  and 
jralena,  all  of  which  may  be  seen  preserved  in  gray  zinc-iron  car^ 
bonate  which  has  replaced  the  manganosiderite.  The  mangano- 
siderite  can  be  distinguished  from  dolomite  by  its  lighter  color  and 
higher  specific  gravity  and  in  thin  section  by  its  much  stronger 
absorption.  It  differs  from  the  gray  zinc-iron  carbonate  ore  in 
its  distinctly  coarser  texture,  having  a  fine  to  medium  grain,  whereas 
the  zinc-iron  carbonate  is  microgranular. 

• 

GALCITB. 

Calcite  in  the  oxidized  zinc  ores  occurs  for  the  most  part  as 
colorless  to  white  crystals,  here  and  there  lining  pockets  in  ore  of 
all  grades  and  associated  iron  oxide.  Its  most  common  crystal 
form  is  the  flat  rhombohedron  of  disklike  appearance,  the  sharp 
edges  lying  normal  to  the  walls  of  the  cavity.  These  crystals  rest 
on  calamine  and  in  one  specimen  on  hetaeroUte  and  appear  to  rep- 
resent the  latest  mineral  growth  in  the  oxidized  zinc  ore  bodies, 
except,  of  course,  any  oxides  of  iron  and  manganese  that  may  be 
forming  to-day.  Calcite  also  occurs  in  small  to  microscopic  veinlets 
cutting  zinc  carbonate  ore. 

ASAGONITB  AND  KICHOLSOKITB. 

Aragonite,  the  orthorhombic  form  of  calcium  carbonate  (CaCO,), 
is  occasionally  found  in  close  association  with  the  oxidized  zinc 
ores  but  has  not  been  noted  in  direct  contact  with  zinc  ore  minerals. 
It  forms  diverging  to  spherical  radiating  columnar  aggregates,  or 
groups  of  such  aggregates  (PI.  VI,  £),  usually  if  not  invariably 
white.  The  one  occurrence  found  by  the  writer  formed  pockets  in 
brown  siliceous  iron  oxide.  So  far  as  its  general  appearance  and 
mode  of  occurrence  are  concerned,  aragonite  may  be  mistaken  at 
first  glance  for  calamine ;  but  it  lacks  the  characteristic  bladed  form 
of  calamine  and  can  further  be  distinguished  by  its  brisk  efferves- 
cence in  very  dilute  hydrochloric  acid. 

The  aragonite  studied  by  the  writer  proved  to  contain  little  or 
no  zinc,  but  a  variety  containing  as  much  as  10  per  cent  of  zinc 
was  studied  by  G.  M.  Butler,  who  gave  it  the  name  nicholsonite. 
According  to  Butler,^ 

^  Batier,  G.  H.,  Some  recent  deyelopments  at  Leadyille,  second  paper,  The  oxidized  sine 
ores :  Bcon.  Oeology,  vol.  8,  pp.  8  and  9,  1918. 
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The  nicholsonlte  1b  identical  with  aragonlte  in  all  but  three  particulars. 
Those  specimens  with  high  percentages  of  zinc  have  a  higher  specific  gravity 
than  aragonlte,  show  a  decided  adamantine  rather  than  a  yitreous  luster,  and 
have  a  better  cleavage  (good  pinacoidal  and  poor  prismatic)  than  pure 
aragonlte.  The  variety  was  found  In  the  oxidized  iron-manganese  ore  In  the 
blue  limestone  and  was  named  after  S.  D.  Nicholson,  of  the  Western  Mining 
Co.,  who  brought  It  to  the  attention  of  the  writer. 

BABITB. 

Only  one  occurrence  of  barite  was  noted  in  connection  with  the 
oxidized  zinc  ores.  This  was  in  the  Little  Giant  mine,  near  the 
boundary  between  that  mine  and  the  Yankee  Doodle.  The  barite 
formed  a  rather  coarse  grained  aggregate  of  crystals,  originally 
white,  whose  cleavage  cracks  and  boundaries,  as  well  as  other  frac- 
tures, were  filled  with  a  yellowish-brown  powdery  material  that 
effervesced  weakly  in  dilute  hydrochloric  acid.  The  material  was 
said  to  have  a  low  zinc  content,  but  its  noticeably  high  s^^ecific  £:rav- 
ity  was  due  to  the  barite  rather  than  to  any  iron,  zinc,  or  lead. 

FLUMBOJABOSrrS. 

Plumbojarosite,  a  hydrous  sulphate  of  lead  and  ferric  iron 
(Pb0.3FeaO,.4:Si02.6H30),  was  found  in  the  Yankee  Doodle  mine 
in  the  bottom  of  an  old  lead  stope,  just  above  a  small  oxidized  zinc 
stope.  It  was  called  ^contact  matter"  but  was  known  to  contain 
considerable  lead.  The  mineral  occurs  as  a  yellowish-brown  soft, 
earthy  mass,  with  a  rather  shiny  luster  and  a  smoother  feel  than  is 
characteristic  of  iron  oxide  or  iron-stained  lead  carbonate.  Under 
the  microscope  the  material  is  essentially  homogeneous  and  consists 
of  minute  grains,  some  of  which  show  a  partial  to  complete  six-sided 
outline  under  very  high  magnification.  It  is  much  finer  grained  than 
the  material  from  Beaver  County,  Utah,  figured  by  B.  S.  Butler.* 

Material  of  the  same  kind  was  found  by  Emmons  under  Gray 
porphyry  in  the  Lower  Waterloo  mine  during  the  first  survey  of  the 
district  and  was  analyzed  by  Hillebrand'  as  follows: 

SiOa 0. 36 

PeOi 44.  4 

AUO, .  23 

CaO 1 None. 

MgO None. 

KiO .  15 

Na,0 .  37 

H^ 8. 09 

PbO 19.  5 


BIiO. None. 

AssS. 0. 39 

PaO. .  11 

SO, 25.  07 

01 .  04 

Ag .  076 


99.685 


1  Batler,  B.  8.,  Occurrence  of  complex  and  little  known  inlphates  and  ralpbaraenates  as 
ore  mioerals  In  Utah :  Econ.  Geology,  vol.  8,  p.  318.  1918. 
'p.  a  GeoL  Surrey  Mon.  12,  p.  606,  1886. 
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Emmons  and  Hillebrand,  however,  did  not  recognize  this  mate- 
rial as  a  distinct  mineral  species,  owing  doubtless  to  its  earthy  ap- 
pearance and  close  resemblance  to  other  materials  of  varying  though 
similar  composition.  Plumbojarosite  was  determined  as  a  distinct 
species  six  years  later  by  Hillebrand  and  Penfield.^ 

OPAL,  CHALCEDONT,  AND  QUABTZ. 

Silica,  usually  in  a  dense  form,  has  been  found  in  small  amounts 
at  several  different  places,  usually  associated  with  calamine.  The 
occurrence  of  amorphous  (opal)  to  chalcedonic  silica  as  the  middle 
of  a  veinlet  with  marginal  bands  of  calamine  in  the  Belgian  mine 
and  the  occurrence  of  amorphous  silica  in  a  vug  with  calamine  and 
aurichalcite  in  the  Ibex  mine  have  already  been  described  (p.  19; 
PI.  y,  A  and  B).  On  the  Mikado  dump  was  found  a  specimen 
containing  vugs  lined  with  microscopic  to  visibly  crystalline  quartz 
and  calamine.  A  few  minute  crystals  of  quartz  were  seen  perched 
en  the  sides  of  calamine  crystals.  R.  S.  Fitch,  of  Leadville,  found 
p  similar  but  much  better  specimen  in  which  calamine  crystals  were 
almost  completely  coated  with  fine  druses  of  minute  but  typical  quartz 
crystals. 

What  appears  to  be  an  exceptional  microscopic  occurrence  was 
noted  in  two  thin  sections  of  gray  zinc  carbonate  ore  from  the  Chryso- 
lite dump.  Here  minute  crystals  were  found  in  the  middle  parts  of 
veinlets  and  as  central  fillings  of  certain  vugs,  in  each  veinlet 
bordered  by  smithsonite  of  the  later  stage.  In  a  single  thin  section 
some  vugs  may  be  filled  with  smithsonite  and  quartz,  and  others  with 
calamine  with  or  without  quartz.  No  explanation  is  offered  to 
account  for  the  failure  of  silica  and  zinc  to  combine  in  certain  places 
when  they  did  in  others  within  an  area  not  more  than  half  an  inch 
square. 

Silica  is  also  present  in  considerable  amount  with  the  iron  oxide 
bodies  in  or  adjacent  to  the  zinc  ores.  As  a  rule  this  silica  is  com- 
pletely concealed  by  the  iron  oxides,  but  in  one  thin  section  from  the 
walls  of  a  zinc  stope  on  the  Tucson  first  level  it  was  found  to  be 
present  as  minute  quartz  grains  mingled  with  the  iron  oxide  and 
also  as  minute  agate-like  growths  in  microscopic  vugs. 

Microscopic  quartz  with  sericite  and  sulphide  grains  has  been  seen 
in  thin  sections  of  gray  zinc  carbonate  which  has  replaced  mangano- 
siderite.  It  was  originally  present  in  the  manganosiderite  and  has 
escaped  replacement. 

Chert  has  been  found  in  reddish-brown  zinc  ore  at  a  few  places, 
where  it  forms  the  only  unreplaoed  remnants  of  the  original  lime- 
stone or  dolomite. 


^  Hillebrand,  W.  F.,  and  Penfleld,  8.  L.,  Some  additions  to  the  alnnlte-Jarosite  group  of 
Slnenls :  Am.  Jour.  ScL,  4t]i  aer.,  yoL  14,  p.  218,  1902. 
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SERICITE, 


The  only  sericite  noted  in  the  oxidized  zinc  ores  is  the  small  amount 
which,  with  quartz  and  sulphide  grains,  was  originally  in  mangano- 
sideiite  and  has  escaped  replacement. 

KAOLIN. 

Kaolin  is  present  as  an  abundant  constituent  of  the  material  that 
separates  many  lead  carbonate  stopes  from  zinc  carbonate  stopes.  It 
is  for  the  most  part  stained  with  iron  or  manganese  oxides  but  has 
its  typical  white  color  in  patches  away  from  which  the  iron  and 
manganese  oxides  have  segregated.  Kaolin  is  also  present  as  the 
principal  filling  of  strong  fissures,  one  of  which  in  the  Maid  of  Erin 
mine  was  found  to  be  bounded  on  both  sides  by  oxidized  zinc  ore. 
This  kaolin  was  also  more  or  less  stained  by  iron  and  manganese 
oxides  and  was  practically  identical  in  general  appearance  with  the 
zinciferous  clay  ore  but  differed  in  its  relatively  low  specific  gravity. 
In  thin  section,  as  stated  on  page  25,  it  was  found  to  contain  a  net 
work  of  streaks  and  patches  of  rather  high  birefringence,  resembling 
sericite  and  also  the  zinciferous  clay,  its  appearance  suggesting  that 
a  small  percentage  of  zinc  had  been  introduced.  A  few  small  cala- 
mine crystals  were  also  present  in  it. 

At  the  base  of  a  porphyry  sheet  in  the  Belgian  mine  was  seen  a 
kaolin  mass  which  was  stained  bluish  green  by  some  copper  salt. 
A  low  zinc  content  was  also  found  in  this  mass,  and  it  seems  prob- 
able that  the  presence  of  both  copper  and  zinc  was  due  to  adsorption 
by  the  kaolin. 

SULPHIDES. 

At  several  places  in  the  Western  Mining  Co.'s  workings  (Pis.  VII 
and  VIII)  the  oxidized  zinc  ores  have  been  found  almost  or  quite 
in  contact  with  bodies  of  sulphides,  chiefly  pyrite,  but  at  no  place 
examined  by  the  writer  could  more  than  a  small  face  exposure  of  sul- 
phides be  seen.  The  sulphides  where  exposed  were  clean  and  fresh 
and  showed  no  evidence  of  having  reacted  with  zinc  solutions  to  pro- 
duce secondary  zinc  sulphides. 

In  the  winze  about  180  feet  north  of  the  south  end  of  the  lower 
Maid  of  Erin  ore  body  (PI.  VII)  a  small  streak  of  galena  was  noted 
along  a  preserved  bedding  plane  within  a  mass  of  brown  zinc  car- 
bonate ore.  Calamine  crystals,  abundant  in  the  brown  ore,  were 
also  present  within  the  galena  streak,  filling  cavities  formed  by  the 
removal  of  either  limestone  or  zinc  blende. 

Small  amounts  of  sulphides  were  also  noted  in  gray  zinc  carbonate 
ore.     These  sulphides  were  originally  in  manganosiderite  but  escaped 

62757"— Bull.  681—18 3 
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replacement.    They  were  chiefly  pyrite  but  included  a  few  scattered 
grains  of  sphalerite  (not  wurtzite)  and  galena. 

NATIVE  SILVER. 

The  only  occurrence  of  native  silver  noted  was  seen  in  a  small  stope 
on  the  Maid  of  Erin  first  level,  at  Crowell's  raise.  The  silver  formed 
small  flakes  and  wires  in  a  small  mass  of  siliceous  iron  oxide  veined 
and  sprinkled  with  calcite  about  1^  feet  in  diameter  which  lay  be- 
tween an  old  lead  stope  above  and  a  zinc  stope  below.  The  silver 
flakes  for  the  most  part  were  scattered  through  the  iron  oxide,  but 
some  were  closely  associated  with  visible  spots  of  calcite. 

PAAAOENESIS. 

The  paragenesis  of  the  minerals,  or  the  order  in  which  they  were 
formed,  may  be  summarized  from  the  foregoing  descriptions  as 
follows: 

Dolomite  or  magnesium  limestone,  manganosiderite,  barite,  chert, 
the  quartz-sericite  aggregates,  and  the  sulphides  existed  before  oxida- 
tion of  the  original  ore  bodies  began.  The  iron  oxide  and  kaolin 
masses  that  separate  the  lead  carbonate  from  the  zinc  carbonate 
bodies  may,  from  analogy  with  zinc  deposits  in  other  districts,  have 
been  the  first  of  the  oxidized  minerals  to  form,  but  their  origin  in 
the  Leadville  deposits  is  not  so  clear.  They  may  also  be  due  in 
part  to  the  leaching  away  of  zinc  minerals  originally  deposited  with 
them.  They  will  be  further  considered  in  the  discussion  of  the 
genesis  of  the  ores.  The  one  occurrence  of  native  silver  noted  was 
evidently  formed  at  the  same  time  as  the  iron  oxide. 

The  first  oxidized  zinc  ore  mineral  to  form  was  the  massive  gray 
smithsonite,  containing  varying  but  considerable  amounts  of  iron 
and  manganese  carbonate.  This  mineral  replaced  manganosiderite 
and  dolomite  (Blue  and  White  limestone).  It  is  believed  to  have 
formed  at  the  same  time  as  or  immediately  after  the  iron  oxide  and. 
kaolin  masses  just  mentioned. 

Later,  through  oxidation,  the  iron  and  manganese  present  began 
slowly  to  oxidize,  forming  the  red  or  brown  iron  oxides  and  the  zinc- 
manganese  oxide  hetaerolite,  with  a  corresponding  amount  of  the  later 
and  purer  drusy  smithsonite,  which,  as  shown  in  thin  section,  alter- 
nated with  the  iron  oxide  and  the  hetaerolite,  suggesting  a  rhythmic 
alternation  in  deposition.  The  largest  growths  of  hetaerolite,  how- 
ever, followed  the  drusy  smithsonite.  The  inconspicuous  growths  of 
chalcophanite  may  be  the  result  of  the  alteration  of  hetaerolite  by 
further  oxidation,  or  they  may  have  been  precipitated  from  solutions 
of  different  concentration  from  that  which  yielded  the  hetaerolite. 
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Oxidation  of  remnants  of  gray  ore  and  manganosiderite  is  still  in 
progress  and  doubtless  has  been  to  a  greater  or  less  extent  ever  since 
oxidation  began. 

Calamine  and  locally  aurichalcite  and  zinciferous  clay  were  next 
formed.  The  calamine  in  part  was  formed  at  the  expense  of  smith- 
sonite,  leaving  relatively  pure  residual  iron  oxide ;  in  part  it  was  de- 
posited in  fractures  and  vugs  in  both  smithsonite  and  dolomite  (lime- 
stone). Aurichalcite,  as  shown  in  thin  section,  was  deposited  at  the 
same  time  as  calamine.  The  zinciferous  clay  in  some  places  appears 
to  have  been  formed  instead  of  calamine  in  the  presence  of  alumina, 
as  it  bears  the  same  relations  to  all  the  minerals  of  earlier  growth. 
Where  calamine  and  the  zinciferous  clay  are  present  together,  the 
calamine  in  some  places  forms  the  margins  and  the  clay  the  middle 
fillings  of  veinlets.  In  the  Belgian  mine  the  clay  forms  the  margins 
of  pockets  and  a  parallel  growth  of  calamine  and  clay  the  central 
fiUings,  whereas  in  one  specimen  the  calamine  forms  networks  of 
veinlets  through  the  clay.  These  differences  may  be  attributed  to 
varying  conditions  of  chemical  equilibrium ;  a  relative  excess  of  zinc 
over  alumina  may  have  caused  calamine  to  represent  the  beginning 
of  deposition  in  the  first  case,  and  a  corresponding  excess  of  alumina 
may  account  for  the  marginal  growth  of  clay  in  the  second;  the 
calamine  veinlets  in  the  clay  may  be  a  decomposition  product  of  the 
clay,  or  a  deposit  from  solutions  of  a  later  stage  which  reached  the 
previously  dried  and  cracked  clay.  The  small  size  and  scattered  dis- 
tribution of  these  occurrences  prevent  the  drawing  of  a  definite  con- 
clusion regarding  the  relations  between  calamine  and  zinciferous  clay. 

Silica,  either  in  an  amorphous  or  a  minutely  crystallized  condition, 
was  deposited  with  or  just  after  calamine  and,  in  most  of  the  speci- 
mens studied,  appeared  to  represent  the  excess  of  silica  over  zinc  in 
solution.  The  presence  of  aurichalcite  with  calamine  and  silica  is 
mteresting  in  this  connection,  suggesting  a  rather  delicate  balance 
between  carbon  dioxide  and  silica  that  allowed  the  formation  of 
aurichalcite  instead  of  additional  calamine  and  the  copper  silicate, 
chrysocolla.  The  replacement  of  smithsonite  by  calamine  in  several 
places  and  the  occurrence  of  smithsonite  in  contact  with  a  later 
growth  of  quartz  in  at  least  one  place  (specimens  from  the  Chryso- 
lite dump)  raise  another  question  as  to  the  conditions  under  which 
zinc  silicate  may  form. 

Calcite  was  distinctly  the  latest  of  all  the  common  minerals  of  the 
oxidized  zinc  deposits,  except,  of  course,  iron  and  manganese  oxides, 
which  may  still  be  forming.  Its  period  of  growth  may  have  slightly 
overlapped  that  of  calamine,  but  it  is  for  the  most  part  distinctly 
later.  The  exact  position  of  aragonite  and  nicholsonite  in  the  para- 
genesis  can  not  be  stated.    Both  have  formed  in  pockets  in  iron  or 
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iron  and  manganese  oxides,  but  their  relations  to  the  different  zinc 
minerals  have  not  been  ascertained. 

VARIETIES   OF  ORE. 

So  far  as  appearance  and  differences  in  composition  are  concerned, 
four  varieties  of  oxidized  zinc  ore  may  be  distinguished,  but  these 
are  so  intimately  associated  that  all  may  enter  into  a  single  carload. 
The  four  varieties  are  (1)  gray  carbonate  ore,  (2)  reddish-brown  to 
brown  carbonate  ore,  compact  or  filled  with  calamine  pockets,  (3) 
brownish-black  to  black  carbonate-oxide-silicate  ore,  and  (4)  white 
to  brown  dense  silicate  ore  (zinciferous  clay  or  "  talc  ").  The  brown 
varieties,  Nos.  2  and  3,  are  by  far  the  most  abundant. 

GRAY  CABBONATE  OBIL 
OCCURRENCE. 

Gray  carbonate  ore  was  noted  at  a  few  different  places  in  the  Maid 
of  Erin  mine  and  on  the  dump  of  the  Chrysolite  mine.  At  least  two 
of  the  occurrences  in  the  Maid  of  Erin  were  found  immediately 
below  pyritic  sulphide  ore.  The  others  had  not  been  developed,  and 
their  relations  to  other  ores  was  not  definitely  known.  An  occur- 
rence of  grayish-brown  to  yellowish-brown  ore  on  and  below  the 
Henriette  fourth  level,  although  not  found  immediately  in  contact 
with  other  ores,  is  doubtless  below  lead  carbonate  ore,  as  only  lead 
carbonate  ore  has  been  found  at  so  high  a  level  in  the  vicinity.  (See 
PL  VII  and  section  AA,  PL  VIII.)  One  of  the  deposits  of  gray 
ore  contained  an  inclusion  of  manganosiderite,  which  had  evidently 
escaped  replacement.  Further  evidence  of  this  replacement  is  given 
in  the  description  of  the  microscopic  features  of  the  ore  (pp.  37-38). 

MEGASCOPIC  FEATURES. 

The  ore  is  of  medium  to  light  gray  color  where  quite  free  from 
oxidation,  but  some  specimens  show  more  or  less  yellowish-brown 
iron  oxide  stains  in  places,  and  by  increase  in  the  amount  of  staining 
the  gray  ore  grades  into  the  reddish-brown  to  brown  variety.  The 
texture  of  the  gray  ore  is  very  fine  grained  to  dense  (microgranular) 
for  the  most  part,  but  small  cavities  or  vugs  ranging  from  minute 
pores  up  to  holes  an  inch  or  two  in  diameter  are  irregularly  scat- 
tered through  it.  In  places  these  cavities  are  small  enough  and 
regularly  enough  distributed  to  suggest  shrinkage  accompanying 
replacement  of  the  original  rock ;  in  others  they  appear  to  be  enlarge- 
ments of  fractures;  and  in  still  others  they  are  clearly  the  result  of 
the  leaching  out  of  the  more  permeable  portions  of  the  ore.  Cavities 
of  the  first  two  kinds  have  rounded  edges  where  the  carbonate  ore 
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has  developed  microscopic  drusy  surfaces.  Those  of  the  last  kind 
have  rough,  corroded  surfaces.  No  minerals  of  megascopic  size 
were  seen  in  the  fresh  gray  ore,  except  a  few  specks  of  pyrite,  zinc 
blende,  and  possibly  galena,  which  were  noted  in  two  specimens. 
These  sulphides  occur  in  minute  veinlets  and  scattered  grains,  just  as 
they  do  in  the  manganosiderite.  In  the  brownish-gray  partly  oxi- 
dized ore  from  the  Henriette  workings  the  fine-grained  carbonate 
aggregate  is  traversed  by  veinlets  of  calamine. 

MICROSCOPIC  FEATURES. 

In  thin  section  (PI.  II,  A)  the  gray  carbonate  ore  is  composed 
mostly  of  a  uniform  aggregate  of  very  fine  carbonate  grains  of  high 
relief,  typically  high  birefringence,  and  cloudy  appearance.  This 
aggregate  is  cut  by  veinlets  of  smithsonite  that  are  characterized  by 
a  somewhat  coarser  grain  and  freedom  from  cloudiness.  Smith- 
sonite, optically  similar  to  that  in  the  veinlets,  also  forms  minute 
rhombohedrons  lining  small  cavities.  A  few  minute  diverging  ag- 
gregates and  single  grains  of  calamine  were  noted  filling  small  cavi- 
ties, but  the  total  amount  is  negligible  so  far  as  the  amount  of  zinc 
in  the  ore  is  concerned.  Incipient  oxidation  is  marked  by  faint 
brown  and  black. stains  of  iron  and  probably  manganese  oxides.  A 
veinlet  of  calcite,  distinguished  from  smithsonite  by  distinctly  lower 
index  of  refraction,  was  noted. 

The  ore  incloses  small  veinlets  and  patches  consisting  of  varying 
proportions  of  quartz,  sericite,  pyrite,  aifd  locally  zinc  blende  and 
galena.  It  also  incloses  scattered  single  grains  of  the  same  minerals. 
Many  of  these  inclosed  veinlets  have  a  marked  "wriggling"  shape. 
Some  are  distorted  and  even  appear  to  have  been  pulled  apart.  Some 
are  penetrated  or  cut  by  veinlets  of  smithsonite.  Small  aggregates 
of  pyrite  also  appear  to  have  been  pried  apart  by  smithsonite  vein- 
lets.  The  quartz-sericite-sulphide  veinlets  and  aggregates  have  the 
same  features,  except  for  the  distortions  just  described,  as  in  the 
manganosiderite  and  are  evidently  all  that  is  left  of  the  mangano- 
siderite body  originally  present. 

Under  high  magnification  the  fine  aggregate  proves  to  be  composed 
of  countless  anastomosing  rows  of  clear,  transparent  granules  in- 
closing small  rounded  bunches  of  clouded  (more strongly  absorptive?) 
granules.  The  anastomosing  rows  are  so  arranged  as  to  indicate  the 
outlines  of  former  manganosiderite  grains.  In  some  thin  sections  the 
small  clouded  bunches  have  been  removed  by  leaching  and,  perhaps, 
in  part  during  grinding  of  the  section,  leaving  a  porous  mass  of  anas- 
tomosing rows  of  smithsonite.  These  pores  ma}^  also  be  in  part  due 
to  removal  of  grains  or  minute  aggregates  of  quartz,  sericite,  and 
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pyrite,  but  removal  of  these  minerals  certainly  can  account  for  only 
a  minor  part  of  the  entire  pore  space.  As  this  finely  porous  texture 
has  been  noted  in  specimens  as  well  as  thin  sections,  there  is  no  doubt 
that  it  has  resulted  mainly  from  leaching. 

This  anastomosing  structure  indicates  that  the  zinc  solutions  per- 
meated the  manganosiderite  (or  dolomite  in  some  places)  along  the 
boundaries  of  grains  and  replaced  the  grains  from  their  margins  in- 
ward. The  replacement  was  not  strictly  pseudomorphous,  as  the  tex- 
ture of  the  ore  is  markedly  finer  than  that  of  the  manganosiderite, 
even  including  the  clouded  bunches  of  granules  inclosed  among  the 
anastomosing  grains.  An  attempt  to  prove  the  assumption  that  the 
clouded  bunches  have  stronger  absorption  and  are  therefore  probably 
higher  in  iron  than  the  anastomosing  portions  was  unsuccessful,  ow- 
ing to  the  extremely  fine  grain  of  the  ore. 

If  manganosiderite  corresponding  to  analysis  1  (p.  47)  was  com- 
pletely replaced  by  gray  zinc  carbonate  ore  corresponding  to  analysis 
2,  the  replacement  should  have  been  accompanied  by  about  a  15  per 
cent  shrinkage;*  but  evidence  of  shrinkage  is  obscured  by  different 
factors  other  than  the  effects  of  partial  leaching  of  the  ore.  The  re- 
crystallization  that  accompanied  replacement  may  have  distributed  the 
amount  of  shrinkage  so  as  to  render  it  inconspicuous,  or  it  may  have 
readjusted  the  material  so  that  shrinkage  was  expressed  by  numerous 
small  fractures.  The  fractures  in  the  ore,  whether  due  to  shrinkage 
or  to  other  causes,  are  now  filled  with  the  smithsonite  veinlets,  which 
may  represent  material  recrystallized  practically  in  place,  or  addi- 
tional material  introduced  after  the  direct  process  of  replacement  had 
practically  ceased.  Furthermore,  deposition  of  the  smithsonite  vein- 
lets  appears  to  have  caused  expansion  in  certain  places.  The  con- 
clusion that  the  theoretical  amount  of  shrinkage  took  place  rests  on 
the  assumption  that  the  zinc  was  introduced  as  some  salt,  presumably 
sulphate,  which  could  react  with  manganosiderite  (or  dolomite)  and 
'  deposit  an  amount  of  zinc  carbonate  exactly  equivalent  to  the  amount 
of  manganosiderite  replaced.  It  is  probable  that  the  zinc  was  largely 
mtroduced  as  sulphate,  but  the  veinlets  of  second-stage  smithsonite 
show  that  a  part  of  it  was  introduced  as  carbonate  and  that  deposi- 
tion was  not  entirely  the  result  of  simple  molecular  interchange.  The 
amount  of  shrinkage  can  therefore  not  be  determined  from  the  por- 
osity of  the  ore  in  its  present  state,  nor  can  it  be  closely  estimated 
from  the  texture  and  structure  of  the  ore. 

*  Spedilc  ^ayltle«  were  not  determined,  as  tbe  sine  ore  Is  much  more  porous  than  the 
manganosiderite.  Porosity  was  not  determined,  as  the  pores  and  other  cavities  In  the 
ore  are  obviously  due  in  part  to  other  causes  than  shrinkage.  Published  specific  gravities 
of  the  several  carbonates  represented  in  the  analyses  vary  according  to  impurities,  and 
15  per  cent  shrinkage  is  an  approximate  average  based  on  these  varying  data.  Theoreti- 
cally the  shrinkage  may  have  amounted  to  as  much  as  17  or  18  per  cent. 
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CHEMICAL  OOMPOSITIOK. 


The  chemical  composition  of  the  gray  ore  is  shown  by  analysis  2  ' 
(p.  47),  made  by  R.  C.  Wells,  of  the  United  States  Geological 
Survey,  from  material  collected  in  the  narrow  stope  on  the  first  inter- 
mediate level  above  the  second  in  the  Maid  of  Erin  mine,  about 
100  feet  south  of  the  New  Maid  (Maid  Combination)  shaft.  The  ore 
lay  beneath  a  sulphide  body  and  contained  small  stringers  of  sul- 
phides; but  these  were  avoided  in.  the  material  analyzed,  as  were  por- 
tions showing  brown  or  black  stains. 

The  silica  and  alumina  in  this  analysis  represent  quartz  and  seri- 
cite,  which  together  amount  to  about  2  per  cent.  The  total  absence 
of  ferric  oxide  (FcjO,)  is  noteworthy  when  this  analysis  is  com- 
pared with  analyses  3  and  4,  of  brown  zinc  ores.  The  ferrous  oxide, 
magnesia,  lime,  manganese  oxide,  and  zinc  oxide  are  present  as  car- 
bonates, but  the  total  of  their  molecular  ratios  is  a  little  in  excess 
of  the  total  carbon  dioxide.  If  the  excess  is  placed  wholly  in  the 
manganese  oxide,  there  remains  an  excess  of  O.S  per  cent,  which  is 
decidedly  high  in  view  of  the  color  and  microscopic  composition 
of  the  material  analyzed.  No  trace  of  any  mineral  containing  phos- 
phorus was  noted,  and  the  phosphorus  pentoxide  (PjOg)  can  not  be 
definitely  accounted  for.  If  it  were  combined  with  enough  lime  to 
form  apatite,  a  corresponding  reallotment  of  carbon  dioxide  (CO2) 
would  almost  balance  the  excess  of  manganese  oxide  (MnO) ;  but 
this  arrangement  would  demand  the  presence  of  0.67  per  cent  apatite, 
whereas  none  was  found  in  thin  section.  The  water  driven  off  above 
110°  C.  (H2O+)  is  also  in  excess  over  the  amounts  necessary  to  enter 
into  sericite  and  possible  hydrous  manganese  oxide,  and  the  excess 
is  interpreted  as  being  so  intimately  inclosed  in  the  ore  that  it  is  not 
driven  off  until  temperatures  above  110°  are  reached.  In  this  con- 
nection it  is  interesting  to  note  that  all  the  PjOg  and  more  than  half 
the  HjO+  shown  in  the  manganosiderite  analysis  are  in  similar  ex- 
cess. Their  presence  both  before  and  after  replacement  implies  that 
they,  like  the  quartz  and  sericite,  were  not  affected  by  the  solutions 
that  introduced  the  zinc. 

The  approximate  mineral  composition  of  the  gray  ore,  based  on 
microscopic  study  and  the  chemical  analysis,  is  as  follows: 


Carbonates : 

ZnCOs 76.5 

FeCO. 14.5 

MnCOj 3.2 

MgCOk 1.0 

CaCOa 5 

Quartz 1.1 


Sericite 0.8 

Excess  MnO .2 

Excess  PjOs .3 

Excess  HjO+ .9 

Excess  HiO — .5 


99.5 
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If  the  carbonates  are  recalculated  to  100  per  cent,  and  the  car- 
^bonates  of  the  manganosiderite   are   similarly   recalculated    from 
analysis  1,  the  following  comparative  remits  are  ^obtained : 

Recalculated  composition  of  manganosiderite  and  gray  zino  ores. 


ZnCOg.. 
FeCOs.. 
MnCOi. 
ICgCOi. 
GaCOi.. 


Mangano- 
siderite. 


61.49 

38.15 

10.12 

.24 


100.00 


Gray  ore. 


79.88 

15.14 

3.36 

1.06 

.56 


100.00 


Differ- 
ence (per 
cent). 


+100.0 

-  70.6 
~  91.3 

-  89.5 
+  57.1 


The  percentage  differences — ^that  is,  the  gain  or  loss  of  the  differ- 
ent constituents  during  the  replacement  process — ^are  given  in  the 
third  column,  which  shows  that  manganese  and  magnesia  were  very 
largely  removed  in  nearlj^  equal  proportions,  whereas  iron  was  re- 
moved in  less  but  still  very  considerable  amount.  The  increase  in 
calcium  carbonate  is  attributed  to  the  presence  of  a  few  microscopic 
veinlets  in  the  gray  zinc  ore.  The  chemistry  of  replacement  is  con- 
sidered further  in  the  discussion  of  the  genesis  of  the  ores  (pp. 
68—85). 

BBOWN  CABBONATE  OBES. 


MEGASCOPIC  FEATURES. 

The  brown  carbonate  ores  vary  considerably  in  character.  In 
some  places  they  are  hard  and  compact,  without  conspicuous  vugs 
or  with  only  very  small  vugs  lined  with  fine  druses  of  smithsonite 
(PI.  Ill,  A)]  in  others  they  are  softer  and  may  be  filled  with  vugs 
of  varying  size  lined  or  nearly  filled  with  white  calamine  (PI.  IV, 
A).  Their  color  ranges  from  chocolate-brown  to  dark  brick-red. 
The  only  minerals  of  megascopic  size  are  present  in  vugs  and  vein- 
lets.  As  a  rule,  where  the  vugs  are  small  and  relatively  scarce,  they 
are  lined  with  fine  druses  of  second-stage  smithsonite,  which  may  al- 
ternate with  films  of  hetaerolite  or  iron  oxide.  In  the  larger  vugs 
similar  linings  of  smithsonite  are  covered  by  typical  growths  of 
calamine,  or  in  places  by  exceptionally  large  growths  of  hetaerolite  or 
chalcophanite  (PI.  I,  5),  which  in  turn  may  be  covered  by  calamine. 
Aurichalcite  may  accompany  the  calamine,  as  in  the  Ibex  mine. 
(See  PL  V,  5.) 

The  compact  body  of  the  ore  is  not  to  be  distinguished  at  first 
glance  from  much  of  the  iron  ore  or  iron-stained  manganosiderite, 
dolomite,  or  limestone.  It  may  be  of  imif orm  brown  color  or  may  be 
spotted  with  stains  of  black  manganese  oxide  (hetaerolite?).     In 
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some  places  it  preserves  rather  thin  bedding  planes  and  breaks  into 
layers;  in  others  it  has  a  marked  conchoidal  fracture.  It  may  be 
hard,  or  it  may  be  soft  and  crumbly.  Although  compact  brown  zinc 
ore  even  of  rather  low  grade  may  be  readily  distinguished  from  iron- 
stained  dolomite  or  limestone  by  its  higher  specific  gravity  and  finer 
grain,  it  can  not  be  so  distinguished  from  dense  forms  of  iron  ore. 
Again  soft  porous  ore  can  not  in  some  places  be  surely  distinguished 
from  either  porous  iron  ore  or  decomposed  wall  rock,  owing  to  the 
relatively  light  specific  gravity  of  all  three  materials.  Calamine 
growths  in  vugs  are  not  an  absolutely  sure  indication  of  good  ore,  as 
one  of  two  samples  of  similar  appearance  may  prove  to  be  excellent 
ore  and  the  other  to  be  of  too  low  grade  to  ship.  The  latter  variety 
is  due  in  part  to  a  leaching  of  the  brown  carbonate  to  form  the  sili- 
cate, or  to  the  deposition  of  calamine  in  cavities  of  stained  and  partly 
decomposed  limestone.  In  one  sample  the  soft  brown  material 
around  the  calamine  pockets  was  found  by  Mr.  Wells  to  contain  only 
1-Ll  per  cent  of  zinc  oxide  (11.3  per  cent  of  zinc),  which  on  close  in- 
spection proved  to  be  largely  in  the  form  of  minute  calamine  crystals 
that  had  grown  within  th^  porous  mass.  Nearly  all  the  zinc  car- 
bonate had  been  leached,  and  almost  the  entire  zinc  content  of  the 
material  was  contained  in  the  calamine  druses.  In  other  specimens, 
where  the  carbonate  ore  was  not  leacJied  and  the  calamine  was  in- 
troduced from  elsewhere,  the  value  of  the  ore,  already  of  good  grade, 
was  increased. 

Of  the  many  specimens  of  compact  ore  collected,  one,  said  to  rep- 
resent ore  containing  22  per  cent  of  zinc,  proved  on  microscopic 
study  to  be  composed  almost  entirely  of  iron  oxide  and  silica.  An- 
other, which  was  said  to  contain  30  per  cent  of  zinc  but  whose  tex- 
ture gave  it  a  close  resemblance  to  the  altered  manganosiderite  that 
borders  some  of  the  ore  bodies,  was  found  by  George  Steiger  to 
contain  50.69  per  cent  of  zinc  oxide  (40.72  per  cent  of  metallic  zinc), 
2.38  per  cent  of  insoluble  (probably  quartz  and  sericite),  only  0.63 
per  cent  of  magnesia,  and  no  lime.  The  specimen  had  a  rather  high 
specific  gravity,  but  that  could  easily  have  been  attributed  to  iron 
originally  in  manganosiderite. 

The  brown  ore  may  include  small  bodies,  patches,  or  seams  of  the 
zinciferous  clay  colored  by  a  small  amount  of  iron  oxide.  This  clay 
may  be  distinguished  from  the  brown  carbonate  by  its  characteristic 
properties  described  on  pages  24-28. 

Where  the  original  bedding  is  preserved,  thin  streaks  or  bunches 
of  calamine  are  distributed  along  the  bedding  planes  and  also  along 
short  cross  fractures  that  connect  bedding  planes,  as  shown  in 
figure  2.  This  distribution  of  the  calamine,  which  is  well  exhibited 
at  several  places  in  the  Maid  of  Erin  mine,  is  of  interest  in  showing 
the  courses  followed  by  the  zinc-bearing  solutions,  which  evidently 
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percolated  along  bedding  planes,  cross  joints,  and  minor  (micro- 
scopic) fractures  and  were  thus  able  to  react  uniformly  throughout 
a  body  of  great  horizontal  and  vertical  extent.  The  process  was 
evidently  entirely  metasomatic  at  first,  and  any  resulting  shrinkage 
may  have  served  to  widen  the  openings  along  bedding  planes  and 
fractures,  and  perhaps  also  to  develop  new  contraction  fractures, 
thus  allowing  percolation  of  additional  solution  through  already  re- 
placed rock  to  lower  levels  and  affording  openings  for  the  deposi- 
tion of  second-stage  smithsonite  and  calamine.  The  gradation  of 
linear  fracture  fillings  of  calamine  into  vugs,  especially  at  junctions 
of  fractures  with  one  another  or  with  bedding  planes,  points  to  the 


Fiouu  2. — ^Diagram  showing  dlBtrlbation  of  calamine  along  bedding  planes  and  cross 

fractures  in  brown  zinc  carbonate  ores. 

origin  of  the  vuggy  ore  as  the  extreme  development  of  the  structure 
just  described — crisscross  fractures  and  bedding  planes  having  en- 
larged into  vugs,  and  the  smithsonite  having  been  more  or  less  con- 
verted into  calamine. 

A  few  vugs  have  evidently  resulted  from  replacement  by  smith- 
sonite only  along  the  immediate  walls  of  fractures  and  the  subsequent 
removal  of  the  unreplaced  rock,  leaving  a  cellular  ore  which  is 
usually  of  very  good  grade.  Material  of  similar  appearance,  how- 
ever, has  been  found  to  be  composed  chiefly  of  silica  and  iron  oxide. 


MICROSCOPIC  FEATURES. 

In  thin  section  the  brown  carbonate  ore  consists  of  a  very  fine, 
even-grained  aggregate  of  carbonate  grains  stained  by  iron  oxide 
but  with  many  microgeodes  lined  or  filled  with  transparent  carbon- 
ate grains.  (See  PI.  Ill,  B.)  The  transparent  grains  under  high 
magnification  show  characteristic  acute  rhombic  terminations.  Some 
of  them  appear  pure,  some  of  them  have  zonal  inclusions  (or  alter- 
nating growths)    of  black  manganese  oxide    (hetaerolite?),   and 
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otbeiB  have  similar  inclusions  of  brown  iron  oxide.  The  last  two 
occurrences  indicate  a  breaking  down  of  the  ferruginous  gray  zinc 
carbonate  of  tlie  first  stage  and  its  recrystallization  as  purer  smith- 
sonite  of  the  second  stage  and  iron  or  manganese  oxides.  Some  of 
the  Tugs  of  second-stage  smithsonite  are  surrounded  by  what  appears 
to  be  pure  iron  or  manganese  oxide,  a  relation  which  also  points 
to  a  breaking  down  of  the  impure  zinc  carbonate  of  the  first  stage, 
accompanied  by  segregation  of  the  different  products.  Throughout 
the  mass  of  the  ore  the  iron  and  manganese  oxides  show  this  tendency 
to  segregate,  the  iron  oxide  having  a  weak  tendency  to  form  a  net- 
work of  hairlike  veinlets  and  the  manganese  mineral  a  much  stronger 
tendency  to  gather  into  spots  or  to  fill  distinct  fractures. 

The  relations  of  the  calamine  to  the  rest  of  the  ore  may  be  illus- 
trated by  two  contrasted  examples.  In  one  a  small  group  of  diverg- 
ing calamine  crystals  filling  a  vug  was  seen  to  be  surrounded  by  iron 
oxide,  which  was  opaque  except  along  the  edges  of  the  vug,  where 
it  formed  translucent  pseudomorphs  after  acute  smithsonite  rhombs. 
Here  the  zinc  in  the  calamine  was  evidently  formed  largely  in  place 
at  the  expense  of  smithsonite.  In  the  other  example  a  calamine  vein- 
let  cut  through  a  black  spot  of  manganese  oxide,  proving  that  it 
was  formed  after  the  breaking  up  of  the  impure  first-stage  carbon- 
ate ore  was  well  advanced;  but  there  was  no  uniform  accumulation 
of  iron  or  manganese  oxides  along  the  vein,  and  the  margins  of  the 
vein  were  lined  with  clear  smithsonite  rhombs.  Inclusions  of  brown 
carbonate  ore  in  the  vein  showed  no  evidence  of  leaching.  The  cala- 
mine, therefore,  must  have  been  wholly  deposited  by  infiltrating 
solutions. 

One  thin  section  of  a  specimen  of  brown  ore,  taken  beneath  a  sul- 
phide body  and  very  near  a  mass  of  gray  carbonate  ore  that  con- 
tained an  inclusion  of  manganosiderite,  is  of  especial  interest  in 
showing  the  relation  of  the  brown  to  the  gray  ore.  This  section  con- 
tained within  the  typical  fine-grained  carbonate  a  relatively  coarse 
grained  remnant  having  a  texture  quite  like  that  of  the  mangano- 
siderite but  showing  a  relatively  weak  absorption,  presumably  due 
to  partial  or  complete  oxidation  of  the  iron.  The  same  section  con- 
tained quartz-sericite  veinlets  in  both  the  gray  ore  and  the  mangano- 
siderite, and  there  seems  no  occasion  to  doubt  that  the  brown  ore  at 
this  place  is  the  oxidized  product  of  the  gray  ore. 

The  great  extent  and  uniformity  of  oxidation  of  the  brown  ore 
is  a  striking  feature,  as  the  few  small  bodies  of  gray  ore  appear  to 
be  the  only  remnants  of  the  original  zinc  carbonate  ore  that  have 
escaped  oxidation.  The  ore  as  a  whole  must  have  been  easily  and 
uniformly  permeable  by  oxygen,  a  character  which  indicates  a  very 
finely  porous  structure*    It  may  be  suggested  that  the  poroh;ity  was 
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developed  during  replacement  of  the  original  rock  by  gray  zinc  ore, 
but  are  already  pointed  out  (p.  38)  the  factors  influencing  porosity 
in  the  present  gray  ore  are  too  varied  and  opposite  in  their  eflFects 
to  permit  a  definite  conclusion  on  this  point,  and  the  effects  of  oxida- 
tion add  one  more  obstacle  to  its  determination  in  the  brown  ore. 

CHEMICAL  COMPOSITION. 

In  the  light  of  microscopic  evidence  chemical  analyses  of  the  brown 
ores  are  not  difficult  to  interpret.  In  the  table  on  page  47  analysis  3 
]*epresents  the  sample  of  high-grade  ore  from  the  Maid  of  Erin  mine 
which  contains  the  microscopic  quartz-sericite  veinlets  above  men- 
tioned and  is  clearly  an  oxidized  product  of  gray  ore,  and  analysis 
4  an  ore  of  lower  grade  beneath  a  Gray  porphyry  sheet  and  between 
walls  of  dolomite  (Blue  limestone),  from  the  first  level  of  the  New 
Dome  No.  2  mine.  Sample  3,  in  comparison  to  the  gray  zinc  car- 
bonate ore,  represented  by  analysis  2,  contains  a  larger  amoimt  of 
quartz  and  sericite.  It  also  contains  considerably  more  iron,  and 
the  iron  is  completely  oxidized  to  the  ferric  state.  Magnesia  and 
lime  are  each  a  little  higher,  whereas  zinc  oxide  and  carbon  dioxide 
are  correspondingly  lower.  The  absence  of  phosphoric  acid  is  note- 
worthy, suggesting  its  removal  in  solution  during  the  oxidation  and 
breaking  down  of  the  gray  carbonate  ore.  In  the  material  for  analy- 
ses 2  and  3  calamine  druses  were  avoided.  As  the  irregular  distri- 
bution of  calamine  and  of  iron  and  manganese  oxides  renders  strictly 
representative  analyses  out  of  the  question,  the  determinations  are 
only  made  to  tenths  of  1  per  cent. 

The  calculated  mineral  composition  of  the  ore  represented  by 
analysis  3  is  as  follows : 


Carbonates : 

ZnCO.    71.3 

FeCOt   0.0 

MnCOi   3.0 

MgCO.   1.3 

CaCOs    .7 


Quartz  2.9 

Sericite   2.5 

Limonite   15.7 

Excess  MnO l.l 

Excess  HiO-f- .1 

Excess  BUO — .9 


09.5 


The  excess  MnO  and  HgO-f-  are  present  as  black  oxide,  which  is 
probably  hetaerolite,  but  as  the  formula  of  that  mineral  is  in  doubt 
(p.  23)  no  attempt  is  made  here  to  estimate  its  small  percentage. 
Comparison  with  the  mineral  composition  of  the  gray  ore  (p.  39) 
shows  that  whereas  all  the  iron  has  been  oxidized,  the  manganese  re- 
mains mostly  as  carbonate.  The  magnesia  and  lime  carbonates  also 
have  remained  unaffected  during  the  process  of  oxidation. 
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Analysis  4  represents  an  ore  of  lower  grade  and  one  deposited  un- 
der somewhat  different  conditions.  The  ores  represented  by  analyses 
2  and  3  were  deposited  directly  beneath  sulphides,  by  replacement  of 
manganosiderite,  but  that  represented  by  analysis  4  was  deposited  di- 
rectly beneath  Gray  porphyry,  by  replacement  of  dolomite  (Blue 
limestone) .  The  ore  is  of  dark-red  color  and  is  too  soft  to  permit  the 
grinding  of  a  thin  section,  but  it  contained  small  vugs  of  drusy  smith- 
sonite  and  calamine,  and  so  far  as  could  be  seen,  the  only  essential 
difference  between  it  and  sample  3  was  the  presence  of  a  small  amount 
of  light-brown  zinciferous  clay.  The  silica  and  alumina  in  the  an- 
alysis are  accounted  for  by  calamine  and  zinciferous  clay.  The  fer- 
ric oxide  is  much  greater  than  in  analysis  3  and  indicates  either  that 
the  waters  which  introduced  the  zinc  carried  a  great  excess  of  iron  or 
that  the  ore  was  deposited  by  different  solutions,  one,  carrying  the 
zinc  and  some  iron,  migrating  along  the  bedding  planes  of  the  Blue 
limestone,  and  another,  carrying  iron  but  little  or  no  zinc,  working 
downward  through  the  overlying  porphyry.  (See  fig.  5,  p.  55.)  The 
impossibility  of  learning  the  exact  geologic  conditions  surrounding 
this  deposit  leaves  the  matter  in  doubt  The  softness  of  the  ore  sug- 
gests that  there  has  been  a  downward  leaching  of  zinc,  but  hard  ore 
directly  below  the  soft  contains  no  more  than  30  per  cent  of  zinc,  and 
mere  leaching  of  zinc  is  far  from  enough  to  account  for  the  excess  of 
iroB.  Another  explanation  is  that  after  zinc  carbonate  ore  had  been 
formed  ferric  sulphate  solutions,  with  excess  of  acid  derived  by  de- 
composition of  pyrite,  could  redissolve  the  zinc  carbonate,  and  after 
they  had  become  neutralized  the  ferric  sulphate  in  them  could  become 
oxidized  and  be  deposited  as  ferric  oxide.  The  dissolved  zinc  car- 
bonate could  be  transferred  downward  through  the  ore  and  replace 
the  dolomite  walls,  thus  extending  the  original  lower  limit  of  the  ore 
body.  This  hypothesis  could  also  be  applied  in  explaining  the  layers 
of  iron  oxide  that  are  commonly  found  between  lead  carbonate  and 
zinc  carbonate  stopes. 

The  magnesia  in  analysis  4,  though  low,  is  about  three  times  as 
high  as  in  analyses  2  and  3,  an  excess  corresponding  approximately 
to  the  proportional  difference  between  the  magnesia  in  dolomite  and 
in  the  manganosiderite  represented  by  analysis  1.  The  lime,  how- 
ever, is  quite  as  low  as  in  analyses  2  and  3,  although  its  difference  in 
the  two  rocks  replaced  was  decidedly  greater  than  that  of  magnesia. 
Manganous  oxide  is  somewhat  greater  than  in  analysis  3,  but  little 
agnificance  can  be  attached  to  the  difference,  owing  to  the  irregular 
distribution  of  manganese  oxide  stains.  The  zinc  oxide,  though 
much  lower  than  in  analyses  2  and  3,  is  in  excess  over  the  available 
carbon  dioxide^  The  excess,  as  will  be  shown  presently,  in  the  cal- 
culated mineral  composition,  indicates  the  proportion  of  calamine 
and  zinciferous  clay  present.    The  higher  percentage  of  combined 
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water  (H2O4-)  is  insufficient  to  hydrate  all  the  large  amount  of 
ferric  oxide  to  the  composition  of  limonite.  The  absence  of  phos- 
phoric acid,  in  contrast  to  its  presence  in  analysis  2,  is  again  note- 
worthy. 

The  following  calculation  of  the  mineral  composition  of  the  ore 
is  less  satisfactory  than  those  made  from  the  other  analyses,  owing 
to  the  indefinite  composition  of  the  zinciferous  clay  and  the  uncer- 
tainty of  the  exact  formula  for  hetaerolite : 


Carbonates : 

ZnCOi 37. 5 

MgOO» 3. 6 

GaCC^ .  6 


Kaolin 5. 9 

Calamine 5. 0 

Excess  ZnO ^ 2.4 

Excess  MnO 3. 3 

Limonite 15. 3 

Hematite 24. 2 

HiO— 1. 7 


89.4 


The  kaolin  and  calamine  are  of  course  arbitrarily  separated.  A 
little  calamine  is  undoubtedly  present,  but  how  much  of  the  calcu- 
lated calamine  is  in  reality  present  as  zinciferous  clay  is  not  known. 
The  excess  zinc  oxide  is  for  the  most  part  accounted  for  by  the  rea- 
sonable assumption  that  all  the  manganous  oxide  is  present  as 
hetaerolite,  but  there  is  a  small  excess  (nearly  0.6  per  cent)  of  zinc 
oxide  over  the  ZnOiMnaO,  ratio  demanded  by  either  of  the  pro- 
posed formulas  for  hetaerolite,  and  this  excess  may  also  be  regarded 
as  belonging  to  the  zinciferous  clay.  The  total  absence  of  manganese 
carbonate  can  not  be  proved,  but  in  view  of  the  relatively  low 
carbon  dioxide  any  error  in  the  assumption  that  all  the  manganese 
is  oxidized  is  negligible.  The  iron  oxide  is  figured  so  far  as  possible 
as  limonite,  for  convenience  in  comparison  with  the  other  analyses, 
and  the  excess  of  iron  oxide  over  water  is  recorded  as  hematite.  The 
ratio  of  water  to  iron  oxide  is  slightly  in  excess  of  that  for  turgite 
(2Fe208.H20).  The  red  color  indicates  the  presence  of  a  consider- 
able amount  of  either  hematite  or  turgite. 


BLACK  ZIKC  QBE. 

The  black  or  brownish-black  zinc  ore  is  found  only  in  small  quan- 
tity and  varies  considerably  in  composition.  In  part  it  is  essentially 
of  the  same  character  as  the  brown  vuggy  ore,  except  for  its  greater 
content  of  a  black  manganese  oxide,  which  in  some  specimens  has 
the  crystalline  structure  of  hetaerolite  or  chalcophanite.  The  vugs 
are  commonly  lined  with  calamine,  and  some  cellular  specimens  may 
be  foimd  consisting  almost  entirely  of  calamine  and  hetaerolite  or 
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)haiiite,  accompanied  by  a  small  amount  of  iron  oxide.  This 
-oxide  variety  of  black  ore  is  clearly  derived  from  the  car- 
ore.  Other  samples  of  black  ore  are  composed  chiefly  of  zinc- 
clay  stained  black  by  a  manganese  oxide.  The  occurrences  of 
nety  seen  by  the  writer  were  all  said  to  be  of  low  grade.  Speci- 
f  the  black  ore,  especially  of  the  silicate-oxide  variety,  whether 
I  or  lo^w  grade,  are  likely  to  have  a  surprisingly  low  specific 
r^  o^ving  to  their  vuggy  or  very  porous  character.  No  chemi- 
ilyses  of  the  black  ore  were  made,  as  they  would  serve  only 
w  to  i^hat  extent  manganese  and  silica  had  been  locally  con- 
ed and  carbon  dioxide  eliminated. 

WHITB  OB  <<  TALCY ''  ZINC  QBE. 

zinciferous  clays,  described  on  pages  24-28,  may  occur  in 
large  enough  to  be  considered  ore  bodies.    It  is  questionable 
3r  they  could  be  smelted  at  a  profit. 

ANALYSES. 

he  following  table  are  given  chemical  analyses  of  the  more  im- 
Lt  varieties  of  zinc  ore  discussed  above : 

Analyses  of  zinc  carbonate  ores.^  ' 


1 

2 

3 

4 

10.08 

3.16 

None. 

26.80 

4.04 

.08 

19.71 

Undet. 

Undet. 

Undet. 

33.14 

.47 

Undet. 

Undet. 

.80 

.22 

.57 

.06 

Trace. 

Trace. 

.84 

1.5 
.3 

4.1 

1.0 

13.4 

4.0 

2.3 

36  9 

9.0 
.5 
.3 

2.2 
49.6 

.6 
.4 

3.0 
46.2 

1.7 

.3 

3.3 

30.2 

34.4 
.3 

27.2 

15.3 

1.0 
.5 
Undet. 
Undet. 
Undet. 
Undet. 
Undet. 

2.5 
.9 
Undet. 
Undet. 
Undet. 
Undet. 
Undet. 

3.8 

1.7 

•••••••      • 

Undet. 

Undet. 

Undet. 

Undet. 

Undet. 

fiflV*         ..•.•••«•••••••••«•-••••••••••••••••••••••••••••• 

100.06 

90.6 
30.9 

99.3 
37.1 

99.6 
24  2 

a  U.  8.  Geol.  Survey  Bull.  591,  p.  240, 1915. 

wsnosidflrite,  aeTenth  level  Tocson  mine  (collected  bj  J.  D.  Irving).    J.  O.  Fairehild.  analvft. 
J  itac  cvbonate  ore.  Maid  of  Erin  mine,  first  intermediate  above  second  level.    R.  C.  weUs, 

iwn  sine  carbonate  ore,  Itaid  of  Erin  mine,  "hieh  line"  level.    R.  C.  Wells,  analyst. 
1  skio  evboiiate  9n,  Hew  Dome  mine,  flist  levd  (at  No.  2  abaft).    B.  C.  Weils,  analyst. 
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RANGE  IN  METAL  CONTENT  OF  THE  ORES. 

ZINC  COKTEKT. 

The  zinc  content  of  the  ores  varies  greatly  from  place  to  place.  In 
some  stopes  bodies  running  over  40  per  cent  of  zinc  have  been  mined, 
and  many  others,  especially  in  the  Carbonate  Hill  workings,  have 
yielded  much  ore  averaging  30  per  cent  of  zinc.  In  fact,  up  to  the 
end  of  1913  the  Western  Mining  Co.'s  great  shipments  did  not  run 
below  28  per  cent.  These  high-grade  bodies,  however,  are  bordered 
and  separated  by  large  quantities  of  lower-grade  ore,  averaging  about 
20  per  cent  of  zinc,  and  these  in  turn  may  grade  into  iron  ore  or 
altered  dolomite,  in  which  the  percentage  of  zinc  drops  to  practically 
nothing.  In  some  places  the  transition  from  pay  ore  into  low-grade 
material  is  gradual ;  in  others,  pay  ore  is  rather  sharply  bounded  by 
unaltered  rock,  an  altered  zone  a  few  inches  or  a  foot  or  two  in 
thickness  separating  the  two. 

In  some  places  it  is  a  rather  easy  matter  to  distinguish  between  ore 
and  waste,  but  in  others  distinction  is  possible  only  after  frequent 
and  careful  sampling.  Two  of  the  most  influential  factors  causing 
this  diflSculty  are  the  varying  degree  of  porosity  and  the  varying 
though  usually  considerable  percentage  of  iron  in  the  ore.  Some 
high-grade  ore  closely  resembles  altered  manganosiderite  or  dolomite 
in  color  and  texture,  but  its  microscopic  porosity  would  lead  to  an 
underestimate  of  its  zinc  content.  Another  sample  of  similar  appear- 
ance and  approximately  equal  specific  gravity  may  prove  on  analysis 
to  contain  a  large  amount  of  iron,  either  as  ferrous  carbonate  or  as 
ferric  oxide.  Some  brown  zinc  ores  of  moderate  to  high  grade  may 
be  practically  identical  in  appearance  with  very  low  grade  zinc  ore, 
or  even  to  iron  and  iron-manganese  ores.  High-grade  brown  vuggy 
ore  with  calamine  druses  may  have  the  same  appearance  as  leached 
brown  earthy  material  with  similar  druses.  Considerable  experience 
may  give  the  ability  to  detect  inconspicuous  though  critical  differ- 
ences between  ore  and  waste,  but  the  principal  result  of  experience 
tends  rather  to  make  one  more  cautious  than  ever,  and  to  depend  on 
frequent  sampling  and  assaying  as  the  only  reliable  means  of  dis- 
tinguishing ore  from  waste. 

This  question  of  the  grade  of  the  ores  was  experimentally  inves- 
tigated by  Butler,^  who  aualyzed  and  determined  the  specific  gravity 
of  nearly  50  specimens  and  found  that  they  all  absorbed  water 
slowly,  but  at  varying  rates,  for  many  hours.  In  order  to  procure 
comparable  data,  he  allowed  particles  weighing  about  1  gram  to  soak 
15  minutes  before  weighing,  his  determinations  thus  representing  the 
specific  gravity  of  the  samples  with  their  pores  nearly  filled  with 

»  Butler,  G.  M.,  Econ.  Geology,  vol.  8,  pp.  14-15,  1013. 
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lir.  He  states  that  in  consequence  of  these  and  many  other  tests,  it 
(in  be  said  that  an  ore  with  a  specific  gravity  of  less  than  3.3  as  deter- 
mined in  this  way  is  in  all  probability  of  too  low  grade  (under  27 
percent)  to  be  mined  profitably  when  the  market  price  of  zinc  aver- 
iges  about  5  cents  a  pound,  as  it  did  during  the  greater  part  of  1913, 
whea  Butler's  paper  was  written.  The  following  table  gives  the 
nsnlts  of  Butler's  determinations,  tf^ether  with  calculated  specific 
iniities  of  seven  of  the  samples  based  on  chemical  analyses : 

Data  on  oridUed  sino  ore  0/  varit»i*  ffradei  from  Leadville. 


LUfU  cnr,    eranvUBT.  vltb  oitIIIm: 
Trlt*  ui^  oUier  nilphldei  vblbls. 

L  tUUlA  brown,  earthy 

IBiUlAbroni,  Mirthy,  TltbciTltiu 

I  VIOM,  dnely  sruiular,  compvl  to  awthy . 
i.  Bnm,  (ryptacrystdUiw:  muy  cavities 

dnoM  al  amlttuoDltc  nyitoli,  vaat  of  It 

Ud  with  DBiloipalaDa. 
tUM  0>r,  WT  tntltj  gnoulir, 

^aaaafaBaleiudMdnlcmlclUi. 
t.D«t  bnwTildi-red,  erypMcrystallbi*:  many  nvl- 

UhwIOi  drusBS  ot  smllhscmlla  Fiyitoli;  soma  psi- 

IWhlU,  with  a  brownish'  tint,  very  Bnoly  jtwiuIk-, 
*lth  *  tpoagy  sppoBranni;  mlcnnnptc  dniiy  CBvl- 

i  Sum  u  No-  T  hat  oontaliu  no  cnljunlne  or  paUomo- 

aSuMdNo.  5 

lLY«knrt*i   brown,  tnlernaMplolly  spongy  to  very 

finely  rrmnillftr  and  compect. 
0.  Brows  md  while,  i-rypIocryaUIlln  lo  inrthy,  wlih 

laTsnotu  appearance:  cavities  wbolly  or  partly 

llled  with  olamlne. 
B.  Sum  b  No.   13  except  Itut  aoine  bydnulDclle  Is 

rmwrilxahl*- 
U.  YiOowlib  brown,  very  cavemoui,  with  thin,  plane 

U.  Ufhtyenofflah  brown,  Dnely  gnnuler,  cavernous 


Very  sllidil. 
Vljoroue. 

ConildermbK 

Do. 

None. 
Conddertbla, 


Canslderabl*. 


Butler's  analyses  of  seven  of  these  samples  are  given  in  the  follow- 
ing table: 

Analpsea  of  oxidized  xinc  ores  from  LcadviUe. 


Sample  1  is  evidently  a  partly  replaced  munganosiderite  and  has 
■  specific  gravity  nearly  as  high  as  those  of  the  high-grade  samples. 
The  other  low-grade  specimens  show  a  much  greater  discrepancy 
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between  observed  and  calculated  specific  gravities  than  the  high-grade 
ores  and  evidently  possess  a  much  higher  degree  of  porosity.  The 
relation  between  specific  gravity  and  the  zinc  percentage  in  the  high- 
grade  samples,  however,  shows  that  specific  gravity  is  not  a  closely 
accurate  indication  of  the  grade  of  ore. 

The  degree  of  effervescence  of  fragments  in  dilute  hydrochloric 
acid  (3  parts  water  to  1  of  acid),  as  determined  by  Butler,  is 
given  in  the  first  table  on  page  49  and,  as  he  states,  is  not  of 
much  avail  as  an  indication  of  the  grade  of  ore.  Similar  tests  by  the 
present  writer  confirm  those  of  Butler.  Gray  zinc  carbonate  ores, 
which  contain  considerable  amounts  of  iron  carbonate,  and  also  the 
manganosiderite  yield  little  or  no  effervescence,  as  shown  by  samples 
1,  6,  and  8.  Even  when  partly  stained  by  oxidation,  they  effervesce 
very  slightly.  In  tlie  more  thoroughly  oxidized  samples,  where  fine 
drusy  or  second-stage  smithsonite  is  abundant,  effervescence  is  more 
pronounced. 

Blowpipe  tests  by  Butler  on  all  grades  of  the  material  yielded 
similar  results,  regardless  of  the  percentage  of  zinc,  low  as  well  as 
high  grade  ores  giving  the  characteristic  sublimate  of  zinc  oxide. 

In  concluding  his  discussion  of  the  grades  of  the  ores,  Butler  out- 
lined the  following  method  for  quick  determination  of  the  grade:* 

Probably  the  simplest  method  for  quickly  ascertaining  the  approximate  grade 
of  oxidized  zinc  ore  is  to  place  about  a  teaspoonful  of  the  finely  powdered  ma* 
terial  to  be  tested  upon  a  piece  of  iron  or  steel  barrel  hoop,  1^  to  2  inches  in 
width.  This  charge  should  be  introduced  into  the  incandescent  coals  of  a 
blacksmith  forge  which  has  been  blown  until  little  black  smoke  is  evident 
The  iron  should  be  sunk  into  a  depression  in  the  glowing  coals  so  that  they 
stand  a  half  Inch  or  so  above  the  sample  on  all  sides.  Then  the  draft  should  be 
increased  until  the  iron  is  heated  white  hot.  Oxidized  zinc  ore  will  take  fire  at 
this  point,  burning  with  a  bluish  flame  and  emitting  white  fumes  of  zinc  oxide. 
The  density  of  these  fumes  varies  with  the  grade  of  the  ore.  Experience  en- 
ables one  to  Judge  within  5  per  cent  of  the  zinc  content  by  this  method,  which, 
although  long  known  and  practiced  in  some  places,  is  unfamiliar  to  those  in 
other  localities.  The  scheme  can  be  applied  to  ore  of  any  grade,  as  material 
assaying  5  per  cent  zinc  will  yield  visible  fumes. 

OTHEB  CONTENTS. 

If  the  percentages  of  zinc  oxide  and  carbon  dioxide  are  subtracted 
from  analyses  2,  3,  and  4  on  page  47,  and  the  remainder  recalculated 
to  100  per  cent,  the  iron  oxides  will  range  from  50  to  over  65  per 
cent.  The  residues,  therefore,  after  extraction  of  the  zinc  become  pos- 
sible iron  or  manganiferous  iron  ores.  The  content  of  silver  in  each 
of  the  ores  analyzed  is  less  than  0.001  per  cent.  As  1  ounce  per  ton 
of  2,000  pounds  equals  0.0034  per  cent,  it  is  doubtful  whether  the  resi- 
dues from  ores  corresponding  to  these  analyses  would  contain  enough 

»  Op.  cit,  p.  17. 
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silTer  to  pay  for  its  extraction.  Although  these  samples  analyzed 
are  believed  to  represent  typical  oxidized  zinc  ores  of  the  district, 
there  may  be  exceptions,  for  it  has  been  stated  that  early  shippers  of 
rich  silrer  ore  appear  to  have  purposely  broken  the  zinc  ore  in  some 
ph 


DISTRIBUTION  AND   MODE   OP   OCCURRENCE   OF   THE 

ORES. 

GEOGRAPHIC  DISTBIBTITION. 

Oxidized  zinc  ores  have  been  found  in  practically  all  the  hills  of 
the  district,  as  far  east  as  the  Resurrection  mine,  near  the  head  of 
Evans  Gulch,  and  as  far  south  as  the  Continental  Chief  mine,  at 
Weston  Pass,  9  miles  south  of  Leadville.  Thus  far,  however,  although 
extensive  low-grade  bodies  have  been  reported  from  several  places, 
all  the  high-grade  deposits  in  the  other  hills  have  proved  very  small 
in  comparison  with  the  immense  bodies  in  Carbonate  Hill. 

DISTBIBXTTION    WITH   BESFECT    TO    KINDS    OP    COUNTBY    BOCK. 

The  oxidized  zinc  ore  bodies  thus  far  found  are  limited  to  the 
horizons  of  the  two  limestones.  The  small  bunches  of  red  siliceous 
zinc  naaterial  found  in  fissures  cutting  a  porphyry  sill  in  the  Belgian 
mine  are  the  only  deposits  noted  that  were  not  within  or  along  a 
contact  of  one  of  the  limestones.  Porphyry  and  quartzite  in  different 
places  form  rather  sharply  defined  roofs  or  floors  to  ore  bodies  of  con- 
siderable size. 
I 

BEIiATIOKS    TO    THE    BITTEBEKT   KINDS    OF   LEAD    CABBONATE 

AND  MIXED  SXTLPHIDE  OBE  BODIES. 

The  ore  bodies  thus  far  worked  are  all  closely  associated  with 
blanket  bodies  of  lead  carbonate  ore.  For  the  most  part  the  zinc 
bodies  underlie  the  lead  bodies,  but  in  some  places  they  have  replaced 
the  same  strata,  either  down  the  dip  or  even  along  the  strike.  Those 
in  the  Ibex  No.  1  (Little  Johnnie),  although  they  are  in  the  vicinity 
of  lode  fissures  and  magnetite-pyrite  bodies,  are  immediately  asso- 
ciated with  old  blanket  stopes.  The  only  apparent  reason  to  account 
for  this  association  is  that  the  lode  fissures  and  magnetite-pyrite 
bodies  in  this  vicinity  have  not  as  a  rule  been  subjected  to  oxidation, 
and  their  original  zinc  content  accordingly  has  not  been  removed  to 
form  a  body  of  oxidized  ore.  The  Luema  vein  contains  a  considerable 
quantity  of  zinc  blende,  and  as  its  upper  part  is  oxidized,  a  corre- 
sponding quantity  of  oxidized  zinc  ore  could  be  expected  somewhere 
along  the  vein,  below  the  level  of  oxidation.    None,  however,  has  been 

^Bng.  and  Min.  Jour.,  Feb.  14,  1914,  p.  390. 
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found,  and  the  only  apparent  explanation  is  that  the  strong  kaolin 
("talc'')  selvages  along  the  vein  have  prevented  any  considerable 
quantity  of  zinc  solutions  from  penetrating  into  the  limestone  walls. 
It  is  also  possible  that  the  great  amount  of  kaolin  has  absorbed  the 
meager  amount  of  zinc  from  the  solutions,  giving  rise  to  zinciferous 
clay ;  but  this  point  has  not  been  tested. 

One  feature  that  is  of  great  annoyance  to  miners  and  prospectors 
and  is  difficult  to  explain  satisfactorily  is  the  lack  of  uniformity  in 
the  relations  between  the  oxidized  zinc  bodies  and  the  associated 
blanket  lead  bodies.  At  the  north  end  of  Carbonate  Hill  large 
bodies  of  both  have  been  mined,  but  in  Fryer  and  Iron  hills,  where 
large  blanket  deposits  of  lead  ore  have  been  mined,  only  small  bodies 
of  zinc  ore  have  thus  far  been  found  among  a  great  amount  of  iron- 
stained  "  contact  matter,"  and  some  of  these  bodies  have  not  been  of 
very  high  grade.  In  some  places,  although  blanket  lead  stopes  are 
of  considerable  size,  associated  zinc  ore  has  been  found  only  in  small 
bunches  from  a  few  inches  to  3  or  4  feet  in  diameter. 

The  causes  of  this  variation  are  probably  several  and  can  be  best 
discussed  in  connection  with  the  genesis  of  the  ores.  (See  pp.  68-85.) 
It  may  be  stated  here,  however,  that  the  size  of  a  zinc  body  depends 
on  the  amount  of  zinc  in  the  original  ore  body,  the  kind  and  distri- 
bution of  openings  through  which  the  waters  transferring  the  zinc 
had  to  pass,  the  composition  and  texture  of  the  rocks  through  which 
the  waters  passed,  and  the  materials  that  accompanied  the  zinc  in 
solution.  Consideration  of  these  factors,  in  places  where  the  zinc 
ores  have  been  mined  or  searched  for,  may  yield  a  satisfactory  expla- 
nation ;  but  without  a  knowledge  of  them  it  is  impossible  to  make  a 
definite  prediction  as  to  the  size  and  position  of  oxidized  zinc  bodies 
that  may  be  associated  with  old  blanket  bodies  of  lead  carbonate. 

As  none  of  the  old  blanket  stopes  were  accessible  to  the  writer, 
predictions  regarding  the  location  and  extent  of  undiscovered  bodies 
are  not  warranted  here.  It  may  be  said  that  the  amounts  of  "  vein 
matter  "  shown  in  the  cross  sections  by  Emmons  *  suggest  the  prob- 
able presence  of  good  oxidized  zinc  bodies  in  the  northern  part  of 
Carbonate  Hill  other  than  the  bodies  already  worked  and  of  good- 
sized  bodies  on  other  hills;  but  experience  in  Fryer  and  Iron  hills 
proves  that  the  thickness  and  extent  of  "vein  matter"  shown  in 
Emmons's  sections  are  far  from  being  good  indicators  of  the  amount 
of  zinc  ore  present. 

In  two  places  noted  by  the  writer  bodies  of  oxidized  zinc  ore  of 
rather  low  grade  are  not  closely  associated  with  old  lead-silver  stopes. 
In  the  Cord  Mining  Co.'s  workings  (Page  lease,  1913)  a  small  body 
of  red  zinc  carbonate  ore  has  been  mined,  which  is  150  to  200  feet 
away  (down  the  dip)  from  the  nearest  known  lead-silver  stope  of 

^U.  8.  Qeol.  Survey  Mon.  12,  atlas,  1886. 
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an;  considerable  size.  The  ground  in  the  Immediate  vicinity,  up 
the  dip,  has  not  been  prospected,  and  it  can  not  be  stated  whether 
the  zinc  wb9  carried  in  solution  for  ail  unusually  long  distance  befpre 
being  deposited,  or  whether  there  may  be  an  undiscovered  lead-silver 
body  nearer  the  zinc  carbonate  body. 


L>mcus== 


:  r  I  to  fHC  Ibovt  <«h  tunnal  lard 
:=  l3lfnI*bon>kliturviill«v*J  ■ 

=  IWt  tunnel  ImKclcnUon  iqSMfcM} 
-  Rsure 


FiBcsa  8.— Flan  and  lectloiiB 
oarnrB  chl«flT  alonK  the  three 
rvIaUon  of  line  ore  to  leai 
mediately  below  leud-Bllvei 
an  lie  belweeo  coDTerglDK 
potphyry  contain  miali  b 
relatloDB  at  illlceouB  zinc 
Toatxct,  170  feet  eaBt-Bontheael 


Oildiced  line  a 


lesd-stlvei  Btopea  in  BelglaD  mini 

aiBUres  aeareBt  to   tbese  slopes. 

HI  stapes.      SectiOQ  B~B'  BbowB  sUlceouB  Iron  oilde  Im- 

les  and  xniHll  deposit  ot  low-giBde  zinc  male  rial  In  the 

ea  ot  Qrar  pocphyr;.     Flasurca  In  the  loner  bodj  ot 

^  of  lUIceonB  line  malerlaL     The  sketch   (fi)   sbowa 

clay,  and  cbalcedony  In  QssDre  JrjBt  below  porphyry 

ot  Bclglau  shatt 


In  the  Belgian  mine  (Fenton  lease,  1913)  small  bodies  of  low- 
grade  siliceous  oxidized  zinc  ore  were  formed  by  the  replacement  of 
limestone  at  the  base  of  a  complex  Gray  porphyry  sheet,  which  sepa- 
rated the  zinc  ore  below  from  silver-lead  bodies  above,  as  shown  in 
figure  3.     Fissures  containing  small  amounts  of  very  low  grade  red 
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siliceous  line  material  pass  through  the  porphyry,  and  some  of  them 
certainly  connect  zinc  bodies  with  lead-silver  bodies,  although  the 
largest  of  the  zinc  ore  exposures  appears  to  have  the  mcKt  remote 
connection.  There  seems,  however,  no  reason  to  doubt  that  the  zinc- 
bearing  solutions  were  able  to  travel  for  considerable  distances 
throu^  unfavorable  porphyry  to  a  more  favorable  place  before 
depositing  any  considerable  quantity  of  zinc. 

SHAPES  AITD  SIZES  OF  OBE  BODIES. 
QENEBAL  FEATURES. 

The  ore  bodies,   as   shown  in   the   different  plans   and   sections 
(figs.  3  to  7  and  Pis.  VII  and  VIII),  are  for  the  most  part  very 


FlODU  4. — DUgnms  Ulostratiiig  rel&tloiiB  of  oxidised  tine  ore  bodies  to  lead  carbonate 
■topes  Id  tbe  Oro  La  Plata  mine :  A,  Repladug  beds  beneath  a  blanket  slope ;  B,  re- 
pUeing  rock  sloDg  QHura  and  beds  beneatb  •  blanket  atope ;  C,  repladOK  waUt  of  a 
fluDre  stope, 

irregular.  Nevertheless,  they  show  in  severa]  places  structural  fea- 
tures that  go  far  toward  indicating  their  origin.  The  simplest  ex- 
amples are  represented  in  the  sketches  in  figure  4,  illustrating  the 
mode  of  occurrence  in  the  Oro  La  Plata  mine.  Figure  4,  C,  repre- 
sents zinc  carbonate  ore  of  shipping  grade  forming  borders  or  cas- 
ings to  a  lead  stope  that  had  replaced  the  wall  rock  along  a  fissure. 
The  zinc  on  oxidation  of  the  primary  (sulphide)  ore  evidently  moved 
downward,  at  the  same  time  permeating  the  limestone  for  a  distance 
of  2  feet  or  more.  Figure  4,  B,  illustrates  a  place  where  the  zinc 
solutions,  descending  from  a  blanket  sulphide  body,  found  the  easiest 
course  along  a  fracture  plane,  replacing  the  fracture  walls  and  in- 
filtrating to  some  extent  along  the  more  open  bedding  planes.  Oc- 
currences in  the  Maid  of  Erin  mine  similar  to  these  have  been  de- 
scribed by  Philip  Argall.'    Figure  4,  A,  illustrates  what  is  probably 

lArgall,  Pblllp,  The  xinc  carbonat?  orea  of  Leadvllle:  Mln.  Hag.,  vol.  10,  p.  2M,  1014. 
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TiGUBS  6. — ^Plan  and  sectloiis  showing  relation  of  oxidized  sine  ore  body  on  the  Dome 
claim  to  old  lead  carbonate  stope.  Section  A-A\  an  east- west  section  throui^h  the 
Dome  No.  2  shaft,  shows  concentration  of  ore  in  shattered  gronnd  along  fissures; 
section  B-B'  shows  northward  pitch  of  ore  body. 
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the  most  common  mode  of  deposition,  in  which  the  zinc  solutions 
worked  down  into  the  beds  just  beneath  a  blanket  stope  and  then 
tended  to  migrate  downward  along  the  dip.  In  one  of  the  stopes 
in  the  Ibex  mine  the  zinc  solutions  migrated  outward  and  replaced 
the  same  strata  as  the  original  ore  body,  the  silver-lead  and  the  zinc 
stope  lying  side  by  side. 

Other  ore  bodies  represent  some  combination  of  the  conditions 
just  described.    The  New  Dome  deposit,  represented  by  figure  5, 


200FXET 
J 


FiouRi  6. — Plan  and  section  showing  relations  of  oxidised  sine  ore  stopes   (shaded)   to 

old  lead  carbonate  stopes,  Tucson  mine. 


illusti:ates  the  downward  migration  of  the  zinc  solutions  along  bed- 
ding planes  just  beneath  a  Gray  porphyry  sill  as  far  as  a  fissured 
zone,  which  then  afforded  the  readiest  channel.  The  shattering  of 
the  rock  along  the  fissure  zone  permitted  the  replacement  to  extend 
over  a  rather  great  width  in  proportion  to  length  and  depth. 

The  plan  and  section  of  the  Tucson  first  level  (fig.  6)  also  illus- 
trates the  development  of  the  oxidized  zinc  ore  bodies  along  fissures, 
with  local  spreading  along  bedding  planes  and  minor  fractures.  The 
scattered  distribution  of  these  small  bodies  beneath  a  large  con- 
tinuous old  silver-lead  stope  is  in  marked  contrast  to  the  extensive 
bodies  of  the  northern  part  of  Carbonate  Hill. 
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CARBONATE   HILL   ORE   BODIES. 

The  enormous  size  and  the  details  of  outline  of  the  Carbonate  Hill 
bodies  can  be  explained  to  some  extent,  but  the  surrounding  ground 
is  so  thoroughly  altered  and  soft  and  in  large  part  so  inaccessible 
that  a  complete  explanation  of  all  the  details  is  out  of  the  question.  - 
The  plan  of  these  ore  bodies  is  shown  in  Plate  VII  and  cross  sec- 
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ricrsE  7. — ^PlaB  and  section  showing  relations  of  oxidized  zinc  ore  to  old  lead  carbonate 
stopea  in  Chrysolite  mine.  Outlines  of  lead  carbonate  stopes  copied  from  atlas  sheet  31 » 
r.  8.  Geol.  Sonrey  Mon.  12.  Outlines  of  zinc  stopes  only  approximate.  Surface  east 
of  tb«  outcrop  of  vein  matter  la  all  White  porphyry  except  the  dike  of  Gray  porphyry 
tn  tlie  centra]  part  of  the  area.  Section  adapted  from  section  B-B,  atlas  sheet  82, 
r.  S.  GeoL  Surrey  Mon.  12. 

tions  in  Plate  VIII.  The  outlines  of  stopes  in  the  plan  are  not 
everywhere  indications  of  the  boundaries  of  the  ore  body.  In  sev- 
eral places  the  narrow  stopes,  which  might  be  interpreted  as  branches 
of  ore  along  fissures,  merely  represent  beginnings  of  stopes  or  ex- 
ploration drifts  to  block  out  ore.  Other  boundaries  represent  the 
limits  of  high-grade  ore  without  giving  any  idea  of  the  large  amount 
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of  adjacent  low-grade  ore  (averaging  near  20  per  cent  oi  zinc). 
The  vertical  sections  throw  more  light  on  the  dimensions  of  the  ore 
bodies,  but  it  must  be  remembered  that  the  outlines  of  these  sections 
are  for  the  most  part  approximations,  as  the  boundaries  of  the  ore 
bodies  in  most  places  either  had  not  been  reached  or  were  no  longer 
accessible.  The  sections  are  somewhat  generalized  to  include  im- 
portant features  near  but  not  exactly  on  the  lines  of  the  sections. 

In  sections  A-A  and  F-F,  Plate  VIII,  the  maximum  thickness, 
about  130  feet,  of  the  ore  body  beneath  the  Parting  quartzite  is  shown, 
the  ore  extending  in  places  down  to  the  Cambrian  quartzite.  Evi- 
dence pointing  to  the  cause  of  this  unusual  thickness  is  very  scanty  but 
suggests  a  plausible  explanation.  Data  on  the  size  and  distribution  of 
associated  old  lead  stopes,  which  have  been  exposed  at  a  number  of 
points,  are  scarce  and  indefinite.  Such  exposures  beneath  the  Part- 
ing quartzite  represent  comparatively  thin  blanket  bodies.  A  large 
stope  has  been  exposed  in  a  raise  through  the  quartzite,  but  little  is 
known  of  its  extent  and  thickness.  Comparison  with  the  stope  map 
of  the  monograph  on  the  Leadville  district  of  which  this  paper  is 
to  form  a  part  will  show  that  these  old  stopes  lie  close  to  the  area 
of  extreme  metallization,  but,  although  this  fact  indicates  that  there 
was  an  abundance  of  oxidized  lead-silver  ore  in  the  immediate  vicin- 
ity, there  is  no  means  of  knowing  whether  the  bulk  of  the  zinc  mi- 
grated vertically  downward  through  the  Parting  quartzite,  or  down 
along  the  dip  beneath  the  Parting  quartzite.  Both  processes  no 
doubt  took  place,  but  it  can  not  be  said  which  predominated. 

Although  the  immediate  sources  of  the  zinc  ore  are  very  obscure, 
there  is  some  evidence  in  the  location  of  faults  and  open  stinicture 
of  the  rocks  to  account  for  the  great  thickness  of  some  of  the  ore 
bodies.  The  southeastward  dip  of  the  strata  is  interrupted  by  a  fault 
of  west-northwesterly  trend  (section  F-F),  with  relative  down-slip  on 
its  south  side.  This  fault  was  exposed  at  only  one  place,  on  the  first 
Wolftone  level,  and  its  length  and  exact  course  are  not  known. 
The  amount  of  displacement  where  the  fault  is  exposed  must  be  at 
least  25  or  30  feet,  according  to  the  positions  of  exposures  of  the 
Parting  quartzite  on  either  side;  but  the  Parting  quartzite  does  not 
appear  to  have  been  displaced  to  the  east,  along  the  "high  line'' 
drifts  connecting  with  the  Deener  raise,  and  it  is  therefore  con- 
cluded that  the  fault  stops  against  one  of  north-northeasterly  trend, 
as  suggested  in  Plate  VII.  A  strong  clay-filled  fissure,  correspond- 
ing in  position  to  the  suggested  north-northeasterly  fault,  was  ex- 
posed on  the  "high  line"  90  feet  east  of  the  McKean  raise.  The 
ground  on  both  sides  of  it  consisted  of  ore  or  thoroughly  altered 
carbonate  rock,  and  no  idea  of  the  amount  of  displacement  could  be 
gained.  It  is  significant,  however,  that  ore  of  shipping  grade  was 
not  being  mined  on  the  east  side  of  this  fissure. 
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This  fissure  'with  its  heavy  clay  filling  evidently  served  as  an 
effective  barrier,  at  least  locaJly,  against  the  spreading  of  the  zinc 
solutions.  Xlie  Farting  quartzite,  as  may  be  inferred  from  sections 
A-A  and  F—Fj  Plate  VIII,  could  also  have  served  in  places  along 
both  faults  as  a  barrier  against  circulation  along  the  bedding, 
although  in  tlie  planes  of  both  sections  it  happens  that  blocks  of 
onreplaced  carbonate  rock  are  exposed  on  the  up-slip  sides  of  the 
fault.  Just  ^what  protected  these  masses  from  replacement  can  only 
be  inferred  from  the  evidence  presented  in  the  next  paragraph.  The 
distribution  of  the  quartzite  on  both  sides  of  the  fault  would  tend  to 
impound  tlie  solutions  and  to  deflect  them  downward  to  some  point 
where  they  could  escape  from  the  fault  block. 

At  several  places  in  the  stopes  of  this  thick  ore  body  the  generally 
open  structure  of  the  replaced  carbonate  rock  is  well  preserved,  as 
illustrated  in  figure  2  (p.  42).    The  bedding  planes  are  mostly  open 
and  connected  by  short  cross  fractures,  thus  allowing  the  impounded 
solutions  to  permeate  the  rock  throughout  a  vertical  range  bounded 
only  by  tlie  top  and  bottom  of  the  White  limestone.    The  inclusions 
and  bordering  masses  of  carbonate  rock  found  here  and  there,  includ- 
ing those   represented  in  sections  A-A  and  F-F,  Plate  VIII,  owe 
their  preservation,  to  judge  from  their  small  exposures,  to  the  local 
absence  of  this  characteristic  open  structure.    Most  of  these  inclu- 
sions and  masses  are  now  stained  by  oxidation,  and  no  tests  of  their 
composition  ^were  made,  but  the  inclusion  represented  in  section  A-A 
proved  to  be  typical  manganosiderite.    A  specimen  of  this  inclusion 
proved  to  be  surprisingly  porous  for  a  crystalline  rock,  a  character 
which,  if  conmion  to  the  rock  as  a  whole,  would  afford  more  com- 
plete  permeation  when  once  the  zinc  solutions  had  gained  access 
along   the   numerous  bedding  and  fracture  planes.     The  porosity 
alone,  ho'wever,  was  evidently  not  sufficient  to  allow  extensive  per- 
meation. 

The  great  thickness  of  the  ore  body  therefore  appears  to  be  due 
to  a  combination  of  three  conditions — the  distribution  and  local  im- 
pounding influence  of  two  faults,  the  distribution  of  the  Parting 
quartzite,  and  the  open  structure  of  the  carbonate  rock  in  the  block 
bounded  by  the  faults.  That  the  faults  were  not  effective  barriers 
at  all  points  is  shown  in  sections  F-F  and  B-B,  Plate  VIII,  which 
represent  the  ore  body  extending  across  the  lines  of  faulting.  So 
far  as  underground  study  is  concerned  the  principal  factor  in  deter- 
mining the  shape  of  the  ore  body  as  far  south  as  the  line  of  section 
C-C,  Plate  VIII,  was  the  open  structure  of  the  rock.  From  this 
line  southward  the  ore  body  gradually  assumes  a  narrow  elongate 
outline  (sections  D-D  and  E-E)  and  at  its  southern  extremity  is 
limited  to  a  width  of  5  feet  or  less,  replacing  the  dolomite  walls  of  a 
fisgure.     The  relation  of  the  preserved  bedding  planes  on  each  side  of 
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this  fissure  indicate  faulting  but  give  no  idea  of  the  amount  of  dis- 
placement. The  occurrence  in  the  fissure  of  a  small  amount  of  dense 
white  quartz  inclosing  microscopic  grains  of  a  decomposed  ferru- 
ginous carbonate  and  perhaps  also  of  pyrite  indicates  a  presulphide 
age  for  this  fissure.  The  zinc  ore  along  this  fissure,  as  along  those 
in  other  mines  already  described,  tends  to  spread  for  short  distances 
along  the  bedding  and  in  one  place  was  found  to  inclose  a  small  bed- 
ded layer  of  sulphide  ore,  consisting  chiefly  of  galena  with  cavities 
partly  filled  with  calamine  to  mark  the  probable  former  presence  of 
zmc  blende. 

The  narrow  stope  extending  northeastward  from  the  east  ade 
of  the  lower  ore  body  between  the  lines  of  sections  B-B  and  A-A, 
Plate  VIII,  has  no  apparent  connection  with  a  pronounced  fissure 
and  is  not  necessarily  a  close  indication  of  the  limits  of  the  ore.  It 
deserves  special  mention,  however,  because  it  has  yielded  gray  zinc 
carbonate  ore,  clearly  formed  by  the  replacement  of  manganosiderite, 
directly  underneath  a  mass  of  sulphides.  The  existence  of  this  ore  is 
evidently  due  to  the  migration  of  zinc  solutions  chiefly  along  bedding 
planes  east  of  the  line  of  the  fissure  described  on  page  59.  The  geol- 
ogy was  too  much  obscured  by  timbering  here  to  warrant  a  more 
definite  statement. 

The  upper  ore  body  of  Carbonate  Hill,  above  the  Parting  quartz- 
ite,  extends  obliquely  down  the  dip  from  a  point  near  the  old 
Henriette  or  "  Old  Maid "  shaft  to  the  southwest  boundary  of  the 
Big  Chief  claim,  a  distance  of  about  1,050  feet.  Its  boundaries,  how- 
ever, are  sharply  defined  at  only  a  few  points,  and  the  factors  influ- 
encing its  outline  can  only  be  inferred  rather  than  determined.  The 
branch  stope  that  extends  a  little  west  of  south,  just  crossing  the  Big 
Chief  northeastern  boundary,  underlies  old  silver-lead  stopes  that 
have  been  exposed  at  different  points.  It  has  at  one  place  on  its 
west  side  a  nearly  v.ertical  dolomite  wall  opposite  a  wall  of  low-grade 
(10  per  cent)  ore.  No  strong  fissures  were  exposed  in  the  ground 
accessible  to  the  writer,  but  the  trend  of  the  higher-grade  ore  and  the 
position  of  its  walls  strongly  indicate  replacement  along  a  fractured 
zone.  At  one  place  just  south  of  the  Big  Chief  line  the  ore  nar- 
rowed downward  to  a  fissure  filling  only  a  few  inches  wide. 

Northeast  of  this  branch  stope,  about  50  feet  south  of  the  line  of  sec- 
tion C-C,  Plate  VIII,  the  zinc  ore,  with  an  inclusion  of  manganosid- 
erite, was  seen  directly  underlying  a  mass  of  pyritic  sulphide  ore. 
There  was  no  indication  of  distinct  fissuring  in  the  ground  accessible. 
The  inclusion  of  manganosiderite,  however,  would,  from  analogy 
with  the  evidence  obtained  in  the  thick  portion  of  the  lower  ore  body, 
warrant  the  inference  that  the  rock  replaced  by  the  ore  was  of  open 
structure. 
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About  100  feet  south  of  this  point,  in  the  Banquet  Hall  stope,  the 
ore  body  attained  a  thickness  said  to  be  50  feet,  and  still  farther 
south,  a  short  distance  beyond  the  line  of  section  E-E,  it  was  as  thick 
or  thicker.  The  ore  was  worked  out  in  the  former  place,  but  in  the 
latter  it  was  seen  to  preserve  the  open  structure  of  the  original  rock. 
This  thick  body  underlay  old  silver-lead  stopes,  but  nothing  is  known 
of  their  dimensions.  The  body  diminished  rapidly  in  thickness  east- 
ward, and  on  the  east  side  of  the  main  third  level  drift,  along  the  line 
of  section  £-E,  had  dwindled  to  a  bedded  replacement  deposit  only 
2  or  3  feet  thick. 

The  most  reasonable  inference  to  account  for  the  shape  of  the  upper 
ore  body,  ba:>cd  on  the  scanty  evidence  presented,  is  that  the  rock  had 
become  more  or  less  shattered  along  certain  zones  characterized  by 
anastomosing  fractures  rather  than  pronounced  fissures.  The  zinc 
solutions,  descending  from  the  oxidizing  blanket  bodies  (now  the  old 
silver-lead  stopes),  found  the  easiest  courses  along  these  zones,  with 
the  result  that  bodies  of  relatively  great  thickness  in  proportion  to 
their  width  were  formed  by  replacement  of  the  carbonate  rock.  The 
width  of  the  ore  body  was  limited  by  the  extent  of  the  openings  in 
the  rock;  the  depth,  as  shown  in  sections  D-D  and  E-E,  was  limited 
by  the  Parting  quartzite,  which  in  places  has  been  exposed  as  the 
approximate  floor  of  the  stopes.  Whether  or  not  these  zinc  solutions 
found  their  way  in  any  considerable  amount  downward  along  frac- 
tures through  the  Parting  quartzite  has  not  been  demonstrated  by 
mining.  It  seems  doubtful,  however,  in  view  of  the  size  of  the  ore 
body  and  its  depth  with  respect  to  oxidation,  if  any  considerable 
amount  of  zinc  carbonate  or  silicate  ore  can  be  expected  beneath  it, 
on  the  under  side  of  the  Parting  quartzite. 

Comparison  of  the  position  of  the  Carbonate  Hill  bodies  and  the 
slopes  on  the  surface  fails  to  show  a  concordant  relation.  The  depths 
of  oxidation  as  recorded  in  Emmons's  notes  are  likewise  independent 
of  the  topography,  and  it  is  evident  that  the  depth  and  circulation  of 
ground  water  has  been  governed  rather  by  the  rock  structure — ^that 
is,  the  trends  of  the  open  portions  of  fissures,  minor  fractures,  and 
bedding  planes. 

CHABACTEB  OF  BOUNDABIES  OF   THE  OBE  BODIES. 

The  character  of  the  boundaries  of  the  ore  bodies,  as  has  already 
been  mentioned,  varies  in  different  places,  and  little  additional  de- 
scription is  necessary.  It  seems  desirable,  however,  to  summarize 
the  variations  and  to  check  them  with  certain  chemical  data.  The 
simplest  case  includes  the  rather  sharply  defined  nearly  vertical  walls 
along  nearly  vertical  fissure  bodies.  The  west  wall  of  the  fissure 
stope  near  the  south  end  of  the  lower  Carbonate  Hill  body  is  sharply 
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bounded  by  soft,  sandy  dolomite,  a  specimen  of  which  was  fonnd  by 
R.  C.  Wells  to  contain  1.28  per  cent  of  zinc  oxide,  or  1.59  per  cent  of 
zinc  carbonate.  At  the  northwest  end  of  the  small  fissure  stope  in  the 
New  Dome  mine  (fig.  5)  similar  but  more  rusted  soft  material  bor- 
dering the  stope  was  found  by  George  Steiger  to  contain  19.22  per 
cent  of  insoluble  matter,  0.36  per  cent  of  magnesia,  0.53  per  cent  of 
lime,  and  6.33  per  cent  of  zinc  oxide.  The  zinc  here  showed  a 
stronger  but  still  not  great  tendency  to  permeate  the  wall  rock,  which 
elsewhere  in  the  mine  is  Blue  limestone  (dolomite).  The  insoluble 
material  appears  to  be  chiefly  silica  intimately  associated  with  brown 
iron  oxide  and  possibly  combined  with  the  zinc  as  zinciferous  clay. 
This  material,  only  a  few  inches  thick,  passed  into  unstained  dolo- 
mite. Similar  siliceous  material  was  found  along  the  main  body  of 
the  New  Dome  mine  on  the  first  level.  The  occurrences  in  the  Maid 
of  Erin  mine,  described  with  assays  by  Argall,*  are  of  similar  char- 
acter, though  the  transition  from  ore  to  country  rock  is  more  gradual. 

Some  of  the  bedded  zinc  carbonate  bodies  have  rather  clearly  de- 
fined floors,  though  not  nearly  so  sharply  defined  as  the  fissure  walls 
just  described.  Two  specimens  taken  from  the  floor  of  a  small  bed 
stope  in  the  Ibex  mine,  one  at  the  very  contact  of  the  stope  and  the 
other  5  inches  below  it,  were  found  by  Mr.  Wells  to  contain  respec- 
tively 27.4  and  14.9  per  cent  of  zinc  oxide,  or  22  and  12  per  cent  of 
metallic  zinc.  These  figures  indicate  a  gradual  change  from  ore  into 
country  rock  within  a  zone  between  1  and  2  feet  thick.  The  bottom 
of  the  upper  ore  body  of  Carbonate  Hill  is  in  places  abruptly 
bounded  by  the  Parting  quartzite,  the  top  layers  of  which  have  been 
deeply  stained  by  iron  and  manganese  oxides,  which  may  be  accom- 
panied by  a  little  zinciferous  clay.  The  lower  ore  body  is  said  to  be 
similarly  floored  by  the  Cambrian  quartzite  at  a  few  places.  At  one 
place  in  the  lower  ore  body,  about  230  feet  west-northwest  of  the 
Deener  raise  (PI.  VII),  the  high-grade  ore  passes  downward  into  a 
decomposed  low-grade  material  consisting  chiefly  of  silica  with  minor 
amounts  of  iron  oxide  and  clay,  which  appears  to  be  the  residue  of  a 
siliceous  or  silicified  carbonate  rock.  In  other  places  the  ore  passes 
downward  into  unaltered  carbonate  rock.  Such  variations  evidently 
depend  on  the  composition  of  the  rock  replaced  and  on  the  amount 
of  leaching  that  has  been  possible  since  the  deposition  of  the  zinc  ore. 

The  sides  of  the  bedded  bodies  may  be  rather  abruptly  bounded, 
but  much  more  commonly  they  are  marked  by  a  gradual  decrease  in 
zinc  content  so  that  the  high-grade  ores  merge  into  large  bodies  of 
ore  averaging  near  20  per  cent  in  zinc.  How  extensive  such  low- 
grade  bodies  are  has  not  been  definitely  stated,  but  they  are  said  to 
constitute  large  reserves  in  several  different  places. 

^Argall,  Philip,  The  sine  carbonate  ores  of  Leadyllle;  Min.  Mag.  (London),  vol.  lo. 
p.  284,  1914. 
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The  main  factor  determining  the  character  of  the  boundary  is  evi- 
dently rock  structure.  Where  permeable  rock  is  abruptly  limited,  as 
along  clear-cut  fissures  or  impervious  beds,  either  of  quartzite,  shale, 
or  porphyry,  the  contact  is  also  abrupt;  where  the  rock  bordering 
the  main  ore  channels  is  of  more  open  structure,  there  is  likely  to  be 
a  gradation  from  high-grade  ore  through  a  large  extent  of  low- 
grade  ore  into  barren  rock.  In  the  latter  case  the  degree  to  which 
zinc  is  concentrated  in  the  solution  may  be  an  important  factor,  so- 
lutions above  a  certain  strength  readily  replacing  the  rock,  whereas 
solutions  below  that  strength  but  otherwise  under  similar  conditions 
could  react  only  slowly  and  to  a  small  extent.  No  experimental  data 
are  at  present  available  to  throw  light  on  this  matter. 

The  upper  contacts  of  the  ore  bodies  are  marked  for  the  most  part 
by  layers  of  siliceous  iron  oxide  and  clay  in  varying  amounts,  which 
separate  the  zinc  ore  from  overlying  lead-silver  bodies.  These  layers 
range  in  thickness  from  a  few  inches  to  6  feet  or  more.  They  are 
characteristic  of  oxidized  zinc  deposits  in  several  mining  districts 
and  are  subject  to  more  than  one  interpretation.  They  may  represent 
the  first  substances  deposited  by  the  solutions  that  transferred  ma- 
terial downward  from  the  oxidizing  sulphide  bodies;  they  may  rep- 
resent the  oxidized  residue  of  a  largely  insoluble  material  which 
formed  a  casing  to  the  original  sulphide  bodies;  they  may  be  the 
insoluble  residue  left  by  the  leaching  of  the  topmost  part  of  the 
zinc  carbonate,  body;  or  they  may  consist  principally  of  material 
leached  from  the  original  ore  bodies  at  a  relatively  late  stage  and 
deposited  at  the  same  time  that  the  topmost  part  of  the  zinc  car- 
bonate was  being  leached.  Partial  evidence  in  different  places  sug- 
gests one  or  another  of  these  processes,  and  it  is  possible  that  a  com- 
bination of  processes  took  place.  It  is  also  possible  that  one  process 
may  have  been  of  relatively  great  influence  in  one  district  and  of 
relatively  slight  influence  in  another,  owing  to  differences  in  chemical 
conditions.  The  chemical  conditions  are  considered  in  the  discus- 
sion of  ore  genesis  (pp.  68-85). 

Where  the  oxidized  zinc  bodies  have  been  seen  immediately  under- 
lying porphyry  or  shale,  their  upper  contacts  are  marked  by  a  layer 
of  zinciferous  clay  that  may  be  2  or  3  feet  in  thickness.  The  pres- 
ence of  the  clay  is  evidently  due  to  the  alumina  and  silica  leached 
from  or  residual  after  the  porphyry  or  shale.  In  some  places  it  seems 
that  the  alumina  must  have  been  precipitated  with  the  zinc ;  in  others 
it  seems  probable  that  the  clay,  already  present,  has  adsorbed  zinc 
from  solutions  which  have  come  into  contact  with  it. 

At  a  few  places  bodies  of  oxidized  zinc  ore  have  been  found  in 
contact  with  bodies  of  iron  or  manganiferous  iron  ore.  These  con- 
tacts are  considered  in  the  following  paragraph. 
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BELATIONS   TO   OXIDIZED   IBOK   AND   MANGANIFEBOXTS 

IBON  OBES. 

The  oxidized  zinc  ores  have  been  found  beside  and  beneath 
oxidized  iron  and  manganiferous  iron  ores  and  have  also  been  re- 
ported  to  occur  above  them.  The  evidence  obtained  by  the  writer, 
while  affording  some  explanation  of  these  variations  in  distribution 
and  occurrence,  does  not  point  to  any  systematic  association.  The 
lack  of  systematic  association  may  be  appreciated  when  it  is  realized 
that  the  iron  ores  may  have  originated  from  the  complete  oxidation 
of  either  pyrite  or  manganosiderite  masses,  and  that  the  zinc  ore 
may  have  been  deposited  directly  either  beneath  or  beside  masses  of 
either  of  these  materials;  also  that  the  primary  shoots  of  zinc  blende 
from  which  the  oxidized  zinc  ores  were  derived  were  irregularly 
scattered  through  the  sulphide  bodies  or  were  in  places  underlain 
by  manganosiderite.  The  evidence  as  a  whole  indicates  that  if  either 
an  oxidized  iron  or  zinc  ore  body  is  present  a  body  of  the  other  may 
be  present  close  by;  but  the  relative  position  of  the  two  bodies  can 
not  be  predicted.  In  view  of  the  relative  abundance  and  distribution 
of  the  primary  minerals,  pyrite,  manganosiderite,  and  zinc  blende, 
it  is  evident  that  the  presence  of  the  iron  ore  is  not  a  certain  indica- 
tion of  the  presence  of  the  zinc  ore,  for  large  bodies  of  almost  pure 
pyrite  bordered  by  manganosiderite  are  known  to  exist  with  no  note- 
worthy amount  of  zinc  blende  in  the  immediate  vicinity.  Oxidation 
of  such  a  body  would  yield  a  large  deposit  of  iron  and  manganif- 
erous iron  ore,  with  no  associated  body  of  zinc  ore. 

VEBTICAL  DISTBIBTTTION  AND  BELATION  TO  DEPTHS  OV  OXIDA- 
TION AND  GBOUND-WATEB  LEVEL. 

Oxidized  zinc  ores  have  been  found  in  a  few  places  close  to  and 
even  at  the  surface  and  at  varying  depths  down  to  750  feet.  The 
depths  at  different  places  depend  as  a  rule  on  the  depths  of  the  con- 
tact of  the  White  porphyry  and  Blue  limestone,  as  most  of  the  zinc 
bodies  have  been  found  in  association  with  the  "  first  contact "  ore 
bodies  of  this  horizon.  The  deepest  deposit  in  the  northern  part  of 
the  Maid  of  Erin  mine  is  associated  with  a  series  of  ore  bodies  in- 
cluding "second  contact"  bodies  (below  Gray  porphyry)  and  with 
bodies  just  above  and  just  below  the  Parting  quartzite.  It  is  in  the 
White  limestone,  extending  in  places  from  the  base  of  the  Parting 
quartzite  even  down  to  the  top  of  the  Cambrian  quartzite.  This  is 
the  thickest  and  one  of  the  largest  two  oxidized  zinc  ore  bodies  thus 
far  worked  in  the  Leadville  district.  It  is  associated  with  the 
thickest  as  well  as  one  of  the  most  continuous  bodies,  or  series  of 
bodies,  of  lead-silver  ore  in  the  district,  and  general  conditions 
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appear  to  have  been  favorable  to  concentration  rather  than  dis- 
persion of  the  zinc. 

All  the  zinc  carbonate  and  silicate  thus  far  mined  have  been  found 
in  the  zone  of  complete  oxidation,  except  the  lowest  parts  of  the 
great  Carbonate  Hill  bodies.  These,  as  indicated  in  sections  A-A  to 
F-F,  Plate  VIII,  in  places  underlie  sulphide  ore.  In  some  of  these 
places  the  zinc  ore  is  practically  in  immediate  contact  with  the  sul- 
phides and  may  even  inclose  small  amounts  of  them  and  of  asso- 
ciated manganosiderite.  Here  the  zinc  ore  has  been  deposited  below 
the  local  depths  of  oxidation. 

These  exposures  of  sulphides  over  or  within  the  zinc  ore  have 
been  made  at  depths  of  about  640  to  700  feet  and  more  below  the 
collar  of  the  Wolftone  shaft.  Old  lead  carbonate  stopes  were 
noted  as  far  down  as  about  650  to  660  feet  below  the  shaft  collar. 
These  figures,  based  on  observations  at  several  places  in  the 
Western  Mining  Co.'s  ground,  place  the  average  local  depth  of 
complete  oxidation  about  640  to  650  feet  below  the  collar  of  the 
Wolftone  shaft,  or  at  an  elevation  of  about  9,950  feet.  They 
correspond  closely  with  figures  in  Emmons's  notes,  for  he  found 
the  depths  of  oxidation  to  be  at  an  elevation  of  9,936  feet  (660  feet 
below  the  surface)  in  the  Wolftone  mine,  9,941  feet  (639  feet 
below  the  surface)  in  the  Brookland,  and  9,981  feet  (667  feet  below 
the  surface)  in  the  Upper  Henriette.  Emmons's  notes,  however, 
show  that  the  depth  of  oxidation  fluctuates  considerably  in  the 
northern  part  of  Carbonate  Hill. 

The  relation  of  the  oxidized  zinc  ores  to  ground-water  level  can 
not  be  definitely  shown,  because  the  original  water  levels  in  different 
places  have  been  greatly  disturbed  by  underground  operations.  All 
the  ore  bodies  studied,  except  those  in  the  northern  part  of  Car- 
bonate Hill,  are  well  above  the  original  ground-water  level,  so  far 
as  can  be  learned  from  available  data.  It  is  stated  that  in  northern 
Carbonate  Hill  water  to-day  would  rise  to  a  level  about  300  feet 
below  the  surface  in  the  Wolftone  shaft  were  pumping  operations  to 
cease.  This  is  over  300  feet  above  the  average  depth  of  complete 
oxidation  and  well  above  all  the  oxidized  zinc  bodies  thus  far  mined. 
It  can  not,  therefore,  be  considered  as  any  indication  of  the  original 
ground-water  level.  Neither  can  the  average  depth  of  complete 
oxidation  be  considered  a  close  indication  of  the  original  ground- 
water level,  as  oxidation  is  known  to  extend  somewhat  below  that 
level  in  some  places  and  considerably  below  it  in  excessively  frac- 
tured zones.  On  the  other  hand,  sulphide  bodies  of  small  to  con- 
siderable size  are  found,  in  more  protected  ground,  above  ground- 
water level.  The  depths  at  which  the  zinc  carbonate  and  silicate 
are  found  are  also  unreliable  indications,  for  the  reason  that  they 
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may  be  deposited  by  the  replacement  of  limestone  below  as  well  as 
above  ground-water  level.  The  composition  of  the  zinc  carbonate 
ores  is  such  as  to  indicate  that  they  were  deposited  in  the  absence 
of  free  oxygen,  a  condition  that  may  exist  in  the  lower  part  of  the 
ground  above  the  water  level  as  well  as  below  it. 

The  zinc  carbonate  ores  also  show  that  they  themselves  have  cer- 
tainly, to  a  large  extent,  undergone  considerable  oxidation  and  leach- 
ing, a  fact  which  proves  the  downward  migration  of  the  oxidized 
zone  since  the  bulk  of  the  carbonate  ores  were  deposited.  The  ground- 
water level  also  doubtless  migrated  downward,  keeping  pace  with 
surface  erosion.  It  is  obvious,  therefore,  that  no  exact  relations  can 
be  determined  between  the  distribution  of  the  oxidized  zinc  ores  and 
the  ground-water  level.  The  evidence  as  a  whole,  however,  indicates 
that  the  zinc  carbonate  ores  were  deposited  close  to  if  not  in  part 
below  the  water  level  that  then  existed,  and  it  is  possible  that  their 
lower  portions  were  still  below  the  natural  water  level  that  existed 
just  prior  to  the  disturbances  caused  by  mining. 

LACK  OF  ASSOCIATION   WITH   SECONDABY   SULPHIDES. 

No  evidence  of  secondary  sulphides  of  any  kind  was  found  in  con- 
nection with  the  oxidized  «inc  ores,  and  no  positive  evidence  of 
secondary  zinc  sulphide  was  noted  anywhere  in  the  district.  The 
sulphide  ore  exposed  in  contact  with  the  zinc  carbonate  ores  had  all 
the  characteristics  of  primary  ore.  Even  small  grains  of  pyrite, 
zinc  blende,  and  galena  found  inclosed  in  the  ore  proved  under  the 
microscope  to  be  intimately  associated  with  veinlets  and  patches  of 
quartz  and  sericite,  the  typical  gangue  minerals  of  primary  sul- 
phide ore.  The  three  sulphides,  as  well  as  the  quartz  and  sericite, 
were  evidently  unaffected  by  the  zinc-bearing  solutions  that  replaced 
the  carbonate  rock. 

The  sulphide  masses  adjacent  to  the  zinc  carbonate  ore  are  all 
composed  largely,  if  not  entirely,  of  pyrite,  but  no  sign  of  zinc  sul- 
phide, either  sphalerite  or  wurtzite,  upon  pyrite  was  found.  This 
is  a  point  of  some  significance  in  view  of  the  coi^clusions  expressed  by 
Blow  and  Emmons  (see  p.  10)  that  the  zinc  removed  from  the 
oxidized  zone  had  been  precipitated  just  below  water  level  and  had 
thus  migrated  downward  at  equal  pace  with  the  limits  of  oxidation. 
The  only  available  agents  for  the  precipitation  of  zinc  as  a  sulphide, 
on  the  assumption  that  the  zinc  was  in  solution  as  sulphate,  were 
a  very  small  quantity  of  organic  matter  and  a  large  quantity  of 
pyrite. 

It  has  been  assumed  by  some  writers  that  pyrite  or  marcasite  has 
precipitated  secondary  zinc  sulphide,  especially  in  deposits  of  the 
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Mississippi  Valley ;  but  experiments  with  the  two  minerals  have  not 
confirmed  this  assumption,  at  least  in  a  convincing  way.  The  ex- 
periments of  Schuermaim  ^  and  Weigel  *  lead  to  the  conclusions  that 
ander  certain  conditions  zinc  has  a  slightly  stronger  affinity  for 
sulphur  than  iron  has — ^in  other  words,  that  zinc  sulphide  is  slightly 
more  insoluble  than  irt>n  sulphide — ^but  that  the  two  metals  are  so 
very  nearly  equal  in  solubility  that  any  precipitation  of  zinc  sul- 
phide at  the  expense  of  an  iron  sulphide  would  not  be  nearly  so 
marked  as  a  precipitation  of  silver  or  copper  sulphide  by  the  same 
agent.  The  conditions  of  these  experiments  by  no  means  duplicate 
the  conditions  governing  the  secondary  deposition  of  zinc  minerals 
at  Leadville.  So  far  as  they  go,  they  may  suggest  that  if  pyrite  can 
precipitate  zinc  sulphide  from  the  ground  waters  in  question,  it 
does  so  very  slowly  and  can  hardly  precipitate  large  quantities  of 
zinc  blende  just  below  the  zone  of  oxidation. 

The  only  experiment,  to  the  writer's  knowledge,  in  which  zinc  sul- 
phide has  been  precipitated  by  pyrite  or  marcasite  is  one  by  Stokes " 
who  treated  pyrite  and  marcasite  each  with  an  excess  of  zinc  car- 
bonate and  potassium  bicarbonate  in  sealed  tubes  filled  with  carbon 
dioxide  for  24  hours  at  180^  C.  Other  experiments  under  similar 
conditions,  also  by  Stokes,  on  the  action  of  alkaline  solutions  alone  on 
pyrite  knd  marcasite  show  that  the  alkaline  solutions,  including  po- 
tassium bicarbonate,  decompose  pyrite  and  marcasite.  It  therefore 
seems  probable  that  the  potassium  bicarbonate  was  the  influential 
factor  in  making  the  precipitation  of  zinc  sulphide  possible.  In  the 
Leadville  deposits  the  secondary  zinc  solutions,  whether  sulphates  or 
carbonates,  evidently  found  the  surrounding  carbonate  rock  to  be 
more  readily  replaceable  than  the  pyrite.  After  the  zinc  carbonate 
had  been  thus  precipitated  the  conditions,  including  low  temperature 
as  well  perhaps  as  absence  of  a  sufficient  amount  of  alkali  in  solution, 
were  not  right  to  convert  it  to  secondary  sulphide  at  the  expense  of 
pyrite. 

Experimental  evidence  is  thus  negative,  and  local  field  evidence 
shows  that  conditions  were  not  favorable  for  the  precipitation  of 
secondary  zinc  sulphide.  Local  evidence  furthermore  accords  with 
general  evidence,  which  has  been  discussed  by  W.  H.  Emmons,*  who 
says: 

It  has  frequently  been  stated  that  zinc  sulphide  has  been  precipitated  at  the 
expense  of  iron  sulphide  and  that  zinc  has  driven  Iron  out  of  its  sulphide  com- 

^  Scbaennann»  Ernest,  Ueber  die  Verwandtschaft  der  Schwermetalle  r.nm  Schwefel : 
Lleblg'8  Annalen.  toL  249,  p.  326,  1888. 

'  Weigel.  Oskar,  Die  LOsllchkelt  von  Schwermetallsulphlde  im  relnem  Wasser :  Zeitschr. 
phTBtkal.  Chemle,  vol.  58,  pp.  298-800,  1907. 

*  Stokes,  H.  N.,  Bzperiments  on  tbe  action  of  various  solutions  on  pyrite  and  marcasite  : 
Econ.  Geology,  vol.  2,  p.  17.  1907. 

« Emmomi,  W.  H.,  The  enrichment  of  sulphide  ores ;  U.  S.  Geol.  Survey  Bull.  629,  p.  86, 

isia. 
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bination,  but  no  examples  of  the  pseudomorphoua  r^lacement  of  pyrlte  or  mar- 
casite  by  sine  blende  are  available.  On  the  other  hand,  Hintze  *  notes  a  pseudo- 
morph  of  marcaslte  after  zinc  blende. 

Lindgren  *  states  that  '^  zinc  is  not,  as  a  rule,  deposited  as  a  second- 
ary sulphide,  and  no  authentic  case  has  been  recorded  where  it  re- 
places pyrite,  as  chalcocite  so  often  does.''  In  his  discussion  of  Bain's 
conclusion  that  secondary  zinc  and  other  sulphides  have  been  de- 
posited at  Joplin,  Mo.,  below  the  zone  of  oxidation,  he  states'  that 
^  possibly  this  has  taken  place  on  a  small  scale,  but  most  of  the  ore 
immediately  below  the  oxidized  zone  appears  to  be  of  primary 
origin." 

In  a  few  places,  the  most  recently  discovered  of  which  has  been 
described  by  B.  S.  Butler,^  wurtzite,  the  hexagonal  form  of  zinc  sul- 
phide, occurs  as  a  probable  secondary  mineral.  Butler,  while  sug- 
gesting that  the  replacement  of  pyrite  by  zinc  sulphide  may  be  possi- 
ble, remarks  that — 

In  none  of  the  ore  examined  can  the  zinc  sulphide  be  seen  replacing  the  iron, 
but  there  are  abundant  specimens  that  show  wurtzite  surrounding  sphalerite, 
apparently  as  a  later  growth  on  it.  This  suggests  that  the  precipitation  has 
been  effected  by  agents  other  than  the  pyrite,  and  that  the  attraction  of  the 
sphalerite  had  caused  the  secondary  sulphide  to  be  added  to  it.  *  *  *  E.  T. 
Allen  and  J.  L.  Crenshaw  have  suggested  that  acid  solutions  containing  zinc 
sulphate  and  hydrogen  sulphide  in  solution  on  having  their  acidity  reduced 
would  precipitate  zinc  sulphide.  That  such  solutions  are  formed  in  the  zone 
of  oxidation  there  can  be  little  doubt,  and  as  they  pass  to  lower  levels  their 
acidity  may  be  reduced  either  by  solutions  from  the  adjacent  limestone  or  by 
reaction  with  alkali  sUicates  that  form  a  part  of  the  gangue  of  the  ore. 

From  this  evidence  it  would  seem  possible  that  wurtzite  could  be 
found  crystallized  upon  zinc  blende  in  some  of  the  Leadville  deposits 
at  or  below  the  downward  limit  of  oxidation,  but  no  such  occurrence, 
to  the  writer's  knowledge,  has  been  reported.  So  far  as  positive 
evidence  is  concerned,  no  bodies  of  secondary  zinc  sulphide  have  been 
formed.  The  bodies  of  zinc  blende  just  below  the  zone  of  oxidation, 
referred  to  by  Blow  and  Emmons,  can  doubtless  be  interpreted  as  pri- 
mary and  can  be  shown  to  differ  in  no  essential  way  from  other 
segregated  deposits  of  zinc  blende  found  well  below  the  zone  of 
oxidation,  such  as  have  been  found  in  the  Cord  mine  below  the  level 
of  the  Yak  tunneL 

GENESIS. 

That  the  oxidized  zinc  ores  of  the  Leadville  district  are  believed 
to  have  been  derived  through  oxidation  of  zinc  blende  in  the  original 

>  Hintse,  Carl,  Handbuch  der  Mlneralogle,  toI.  1,  p.  481. 
'Lindgren,  Waldemar,  Mineral  deposits,  p.  811,  1913. 
•Idem,  p.  834. 

«  Butler,  B.  S.,  Geology  and  ore  deposits  of  the  San  Francisco  and  adjacent  districts, 
Utah :  U.  S.  6eol.  Survey  Prof.  Paper  80,  p.  164,  1913. 
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sulphide  ore  must  be  apparent  to  all  who  have  read  the  foregoing 
pages.  Below  are  considered  the  chemical  processes  involved  in  the 
derivation.  Some  of  the  evidence  afforded  by  study  of  the  specimens 
and  underground  workings  may  not  accord  perfectly  with  all  the 
experimental  data  available,  and  such  discordances  necessarily  leave 
some  doubt  as  to  the  exact  conditions  of  chemical  equilibrium  which 
existed  and  which  exerted  a  greater  or  less  influence  on  the  reactions 
that  took  place.  The  genesis  of  the  ores  may  be  conveniently  con- 
sidered in  three  stages. 

FIBST  STAGE. 
DERIVATION  OF  MATERIALS. 


The  original  ore  bodies  consisted  essentially  of  the  ore  minerals 
pyrite,  zinc  blende,  and  galena,  with  small  amounts  of  chalcopyrite 
in  places  and  of  the  gangue  minerals  manganosiderite,  quartz,  and 
sericite,  the  gangue  minerals  for  the  most  part  forming  a  casing 
around  the  ore  bodies.  The  zinc  blende  was  the  ferruginous  variety, 
marmatite,  composed  of  about  3  parts  zinc  sulphide  and  1  part  iron 
sulphide,  as  shown  by  the  following  analyses: 

Analyses  of  zinc  are  from  LeadvUle  district.^ 
[A.  W.  Warwick,  analyst.] 
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•  Bain,  H.  F..  XJ.  8.  Qaol.  Surrey  Mineral  Reeooroes,  1005,  p.  884, 1006. 
h  Indades  caomlum,  which  Taried  from  0.1  to  0.35  per  cent. 

•  Indodee  manganuHe,  which  varied  from  1.3  to  8.7  per  cent. 

Study  of  the  sulphide  ores  in  the  Leadville  district  and  of  similar 
ores  in  other  districts  shows  that  the  zinc  blende  is  the  first  of  the 
ore  minerals  to  be  removed  by  oxidation  and  may  be  nearly  or 
quite  all  removed  before  the  other  sulphides  are  attacked  to  any 
considerable  extent  The  rapidity  and  thoroughness  of  removal 
would  obviously  depend  on  the  degree  to  which  oxidizing  solutions 
could  permeate  the  ore  of  the  three  sulphides.  Galena  is  the  most 
protected  from  oxidation,  owing  to  the  insolubility  of  the  sulphate 
which  forms  around  it.  The  writer  has  seen  very  little  chalcopyrite 
in  place  at  Leadville  and  has  no  definite  data  at  hand  regarding  its 
position  in  the  order  of  oxidation.  His  observations  of  ores  in 
other  districts  would  lead  him  to  favor  the  view  that  chalcopyrite 
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underwent  oxidation  before  the  pyritb  and  after  the  zinc  blend< 
a  view  which  accords  with  the  occurrence  of  copper  in  the  oxidized 
zinc  ores  at  Leadville  and  with  the  interpretation  of  their  genesis 
but  which  does  not  harmonize  with  certain  experimental  data.^  The 
conditions  of  these  experiments,  however,  do  not  approach  very  closely 
the  natural  conditions  under  which  the  Leadville  ores  were  oxidized. 

These  experimental  data  have  been  summarized  and  discussed  by 
W.  H.  Emmons,  who  makes  the  following  concluding  statement: 
''All  these  experiments  and  observations  seem  to  indicate  that  in 
the  zone  of  oxidation  in  many  deposits  the  sulphides  are  dissolved 
in  the  following  order:  Sphalerite  (?),  chalcocite,  pyrrhotite,  chal- 
copyrite,  pyrite,  galena,  enargite."  The  positions  of  sphalerite,  chal- 
copyrite,  pyrite,  and  galena  in  this  order  accord  with  the  writer's 
observations. 

The  ore  bodies  are  covered  by  a  greater  or  less  thickness  of  por- 
phyry, through  which  the  oxidizing  waters  must  have  descended. 
Those  bodies  which  are  exposed  at  the  presents  surface  were  once 
covered  by  porphyry,  or  in  some  places  by  the  Parting  quartzite  and 
porphyry,  and  oxidation  in  all  probability  began  before  these  over- 
lying rocks  were  removed.  Possible  exceptions  may  have  existed 
locally  where  sulphide  bodies  unusually  well  protected  from  pre- 
glacial  oxidation  were  exposed  by  glacial  scouring  and  were  later 
oxidized  by  waters  that  had  not  previously  passed  through  por- 
phyry ;  but  study  of  the  geologic  sections  in  the  atlas  accompanying 
Monograph  12  shows  convincingly  that  in  practically  all  the  places 
where  oxidized  zinc  ore  bodies  have  been  found  the  oxidizing  waters 
must  have  descended  for  considerable  distances  along  major  and 
minor  fractu  res  through  porphyry. 

The  porphyries  which  the  writer  has  studied,  both  White  and  Gray, 
are  extensively  altered  to  aggregates  of  pyrite,  quartz,  and  sericite, 
and  it  is  most  probable  that  alteration  of  this  type  extended  for  a 
considerable  distance  above  the  ^  first  contact "  bodies.  The  descend- 
ing waters,  therefore,  already  containing  oxygen  and  carbon  dioxide 
from  the  air,  attacked  and  decomposed  the  pyrite,  taking  ferric  and 
ferrous  sulphates  and  sulphuric  acid  into  solution.  In  the  earliest 
stages  of  oxidation  the  supplies  of  oxygen  as  well  as  of  free  sulphuric 
acid  and  ferric  sulphate  may  have  become  exhausted  through  further 
reactions  before  reaching  the  ore  bodies,  but  as  the  erosion  surface 
and  the  limits  of  complete  oxidation  were  gradually  lowered  these 
active  reagents  persisted  until  the  ore  bodies  were  reached.  The 
waters  at  this  stage  probably  contained  in  solution  considerable 
quantities  of  alkalies,  alkaline  earths,  carbon  dioxide,  and  oxygen, 
but  larger  quantities  of  the  two  iron  sulphates  and  sulphuric  acid. 

1  BmmoDS,  W.  H.,  The  enrichment  of  milpliide  ores :  U.  8.  GeoL  Sturey  BnU,  629,  pp. 
7^-78,  191B. 
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The  presence  of  alkalies  and  alkaline  earths  may  have  exerted  some 
infltience  in  accelerating  the  processes  of  solution  and  deposition,  as 
suggested  by  Nishihara.^  Minor  quantities  of  alumina  and  silica 
also  were  doubtless  present  in  solution,  as  indicated  by  the  composi- 
tion of  many  mine  waters  tiiat  have  percolated  through  pyritized 
siliceous  rocks.* 

Of  these  constituents  sulphuric  acid,  ferric  sulphate,  and  oxygen 
had  the  most  influence  on  oxidation  and  the  removal  of  the  sul- 
phides. It  is  doubtful  if  carbon  dioxide  could  have  exerted  much 
solvent  action  on  zinc  blende,  so  long  as  these  three  constituents  were 
present  in  excess,  owing  to  the  much  higher  degree  of  solubility  of 
zinc  sulphate  than  that  of  zinc  carbonate.  This  statement  is  sup- 
ported by  the  fact  that  where  descending  waters  have  locally  evapo- 
rated in  the  Lieadville  mines,  desposits  of  goslarite,  the  zinc  sulphate, 
have  been  found,  but  none  of  a  zinc  carbonate.  Experiments  by 
Gottschalk  and  Buehler  *  have  shown  that  although  zinc  blende  alone 
when  leached  by  water  is  oxidized  very  slowly,  the  process  is  hastened 
if  the  water  has  first  descended  through  pyrite  or  marcasite — ^that  is, 
if  it  has  first  become  charged  with  sulphuric  acid  and  ferric  sulphate. 
They  have  shown  also  that  oxidation  is  much  more  rapid  if  the  blende 
is  in  contact  with  galena  or  .especially  with  pyrite,  the  oxidation 
being  accelerated  by  electrolytic  action.  The  water  used  in  these 
experiments  is  not  strictly  analogous  in  composition  to  the  ground 
waters  that  had  descended  through  the  pyritized  porphyries  of  Lead- 
TiUe,  but  the  results  of  the  experiments  accord  with  those  of  the 
natural  process.  Whatever  the  exact  reactions  were,  the  zinc  blende 
was  oxidized  before  the  other  two  sulphides,  and  there  is  little  doubt 
that  the  zinc  and  iron  of  the  zinc  blende  were  removed  as  sulphate. 

The  supply  of  free  oxygen  in  these  solutions  probably  became  ex- 
hausted at  an  early  stage  of  the  process,  and  it  may  be  that  more  or 
less  sulphuric  acid  and  ferric  sulphate  were  still  available  for  further 
reactions.  Experiments  by  B.  C.  Wells  ^  have  shown  that  sulphuric 
add,  out  of  contact  with  air,  dissolves  zinc  blende  more  readily  than 
it  dissolves  either  galena,  pyrite,  or  chalcopyrite,  converting  the  zinc 
to  sulphate  and  setting  free  hydrogen  sulphide.  The  hydrogen  sul- 
phide, if  free  to  escape  upward,  could  finally  reach  the  zone  of  free 
oxygen,  oxidize,  and  thus  tend  to  renew  the  supply  of  sulphuric  acid; 
if  not  free  to  escape  it  could,  after  the  sulphuric  acid  had  become  ex- 
hausted, possibly  succeed  in  reprecipitating  some  of  the  zinc  as  the 
hexagonal  sulphide,  wurtzite,  but  no  evidence  has  been  found  to 

^NiiMharmt  O.  8.,  Geology  and  ore  deposits  of  the  Tetlnze  district,  Rnssla :  Econ. 
Otology,  ToL  12,  pp.  277-278,  1917. 

"AiiAlyset  of  87  sach  iraters  are  talmlated  and  dlscnssed  bj  W.  H.  Bmmons  (U.  S. 
6«oL  Surrey  BolL  829,  pp.  60-74,  1918). 

■  Gottschalk,  V.  H.,  and  Bnehler,  H.  A.,  Oxidation  of  sulphides :  Bcon.  Geology,  ?ol.  6, 
HP.  2a-36.  1910 ;  toL  7,  pp.  16-84,  1912. 

^Bmnums,  W.  H.,  op.  dt,  pp.  69,  78. 
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show  that  this  reaction  has  taken  place  in  the  Leadville  deposits. 
Ferric  sulphate,  out  of  contact  with  air,  could  also  convert  the  zinc 
and  iron  in  zinc  blende  to  sulphates,  setting  free  sulphur  and 
itself  changing  to  ferrous  sulphate.  The  disposition  of  the  free 
sulphur  under  these  conditions  is  questionable,  but  there  is  nothing  to 
indicate  that  it  played  a  conspicuous  part  in  the  genesis  of  the  oxi- 
dized zinc  ores.  The  results  of  these  reactions  which  may  have  taken 
place  after  the  free  oxygen  in  the  descending  waters  had  become  ex- 
hausted served  to  supplement  those  of  the  reactions  which  had  taken 
place  before — in  other  words,  to  increase  the  amount  of  zinc  sulphate, 
and  also  of  ferrous  sulphate,  already  in  solution. 

After  the  reactions  that  produced  zinc  and  iron  sulphates  in  solu- 
tion had  been  completed,  the  carbon  dioxide  in  solution  may  have 
aided  to  a  minor  extent  in  the  further  decomposition  of  zinc  blende 
by  uniting  with  some  of  the  zinc  in  solution  as  bicarbonate,  leaving 
a  corresponding  amount  of  sulphuric  acid  to  continue  attack  on  the 
sulphide.  The  original  amount  of  carbon  dioxide  in  solution  may 
have  been  considerably  increased  if  the  descending  waters  passed 
through  any  carbonate  rock,  either  manganosiderite  or  dolomite,  be- 
fore their  supplies  of  sulphuric  acid  and  ferric  sulphate  had  become 
exhausted.  *  ' 

The  reactions  outlined  above  are  believed  to  include  all  that  appear 
to  have  been  important  in  the  decomposition  of  zinc  blende  and  the 
provision  of  a  supply  of  zinc  available  for  deposition  as  oxidized 
ore.  The  materials  that  were  taken  into  solution,  or  left  in  solution, 
as  a  result  of  such  reactions  are  principally  zinc  sulphate,  ferrous  sul- 
phate, and  more  or  less  zinc  and  iron  carbonate,  with  corresponding 
amounts  of  lime,  magnesia,  and  manganese  sulphate. 

DEPOSITION  OF  MATERIALS  FROM  ISOLUTION. 

Deposition  in  the  oxidized  zone  may  take  place  by  processes  of 
hydration  and  oxidation  of  the  solutions,  desiccation  or  evaporation, 
reaction  or  metasomatic  interchange  with  the  wall  rock,  and  re- 
action between  different  solutions.  The  first  two  of  these  processes 
have  resulted  in  deposition  of  some  iron  sulphate,  goslarite  (the 
hydrous  zinc  sulphate),  hetaerolite,  hydrozincite,  some  smithsonite, 
and  calamine.  Reaction  between  different  solutions  may  have  caused 
deposition  of  some  of  the  zinciferous  clays,  waters  descending 
through  porphyry  with  alumina  and  silica  in  solution  reacting 
with  zinc-bearing  waters  that  percolated  along  the  lower  contact 
of  the  porphyry  and  depositing  the  layers  of  zinciferous  clay  along 
the  bottom  of  the  porphyry.  Metasomatic  interchange  with  the  wall 
rock,  however,  has  been  the  chief  agent  in  producing  the  deposits 
of  commercial  grade,  although  these  deposits  have  been  more  or  less 
reworked  by  one  or  more  of  the  other  processes. 
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The  disposition  of  the  materials  can  most  conveniently  be  dis- 
cussed by  following  the  different  courses  which  the  water  may  have 
followed  after  its  leaching  of  the  zinc  from  the  sulphide  bodies. 
Wh^re  the  water,  after  taking  zinc  sulphate  into  solution,  became 
locally  supersaturated  through  desiccation,  while  still  in  the  sul- 
phide body  or  in  a  porphyry  sill  beneath  the  sulphide  body,  goslarite 
was  formed  (and  is  being  formed),  lining  fractures  and  other  open- 
ings. The  only  occurrence  of  goslarite  seen  by  the  writer  in  his  study 
of  the  Leadville  sulphide  ores  was  a  coating  on  pyritic  sulphide  ore 
along  a  drift  on  the  sixth  level  of  the  Tucson  mine.  The  mineral 
here  formed  white,  soft,  fine,  hairlike  crystals  associated  with  rela- 
tirely  thick  prisms  of  epsomite,  a  hydrated  sulphate  of  magnesia, 
the  two  minerals  forming  a  parallel  fibrous  growth.  Such  deposits 
are  only  temporary,  being  redissolved  sooner  or  later  by  unsaturated 
waters  which  reach  them. 

Where  the  waters  pass  through  the  sulphide  bodies  into  underlying 
rocks  two  sets  of  conditions  may  be  considered,  according  to  the  kind 
of  rock  (porphyry  or  carbonate  rock).  Each  of  these  sets  of  condi- 
tions may  be  subdivided  into  two  phases — one  in  which  the  free  sul- 
phuric acid  and  ferric  sulphate  have  not  been  exhausted  and  the  other 
in  which  they  have  been  exhausted.  If  the  underlying  rock  is 
sericitized  porphyry,  and  sulphuric  acid  and  ferric  sulphate  are 
present,  either  or  both  of  these  reagents  will  tend  to  decompose  the 
sericite  and  any  unaltered  feldspar  in  the  porphyry,  taking  into  solu- 
tion silica  and  sulphates  of  alumina  and  alkalies.  The  alumina  and 
silica  will  tend  to  be  precipitated  again,  perhaps  without  having 
traveled  for  any  considerable  distance,  as  kaolin,  or  material  of 
similar  composition  and  appearance.  This  process  will  also  cause  the 
deposition  of  an  indefinite  amount  of  zinc  and  result  in  zinciferous 
clay.  Whether  the  zinc  is  deposited  simultaneously  with  the  other 
materials  as  a  primary  constituent  of  the  clay  or  through  the  re- 
placement of  aluminum  in  clay  previously  deposited  is  an  open  ques- 
tion. Where  the  percentage  of  zinc  in  such  clay  is  very  high  it  could 
be  regarded  as  a  primary  constituent;  where  the  percentage  of  zinc 
is  low  it  could  be  regarded  either  as  the  result  of  replacement  or  as 
a  primary  constituent  of  clay  deposited  from  a  solution  poor  in 
zinc  The  origin  of  the  iron  and  manganese  oxides  locally  present 
in  these  clays  is  obscured  by  their  segregation,  since  their  deposition, 
into  red,  brown,  and  black  patches  and  streaks.  They,  like  the  zinc, 
may  have  been  original  or  secondary  (adsorbed)  constituents  of  the 
clay.  Under  all  these  suppositions  the  precipitation  of  aluminum  and 
zinc  compounds  from  solution  may  imply  the  liberation  of  a  corre- 
sponding amount  of  sulphate  radicle  and  the  renewal  of  sulphuric  ' 
acid  capable  of  dissolving  new  portions  of  the  rock  and  tending  to 


74  OXIDIZED  ZINC  OBEB  OF  LBADVILLB,  COLO. 

repeat  the  process  \mtil  the  water  itself  should  become  exhausted 
or  should  rescch  ground- water  level. 

Where  the  entire  process  has  taken  place  within  the  porphyry 
mass,  the  zinciferous  clays  are  scattered  along  fissures  and  minor 
fractures  in  the  porphyry;  where  the  waters  containing  the  con- 
stituents of  the  clay  in  solution  passed  through  the  porphyry  into 
carbonate  rock,  the  clay  was  deposited  through  metasomatic  replace- 
ment, the  size  and  shape  of  the  deposit  depending  on  the  relative 
openness  of  fractures  and  bedding  planes  and  on  the  amount  of 
clay  material  introduced.  The  chemical  reactions  involved  in  this 
replacement  are  not  simple,  but  the  replacement  of  carbonate  rocks 
by  masses  of  kaolin  is  not  an  uncommon  occurrence. 

It  is  believed  that  the  process  outlined  above  goes  far  toward 
explaining  the  occurrence  of  low-grade  siliceous  and  argillaceous 
zinc  ore  like  that  at  the  base  of  a  porphyry  sill  in  the  Belgian 
mine.  (See  fig.  4,  p.  54.)  This  ore  contains  veinlets  and  vugs 
lined  or  filled  with  calamine,  which  was  deposited  with  and  just 
after  the  clay  and  appears  to  represent  the  excess  of  zinc  over  that 
which  could  be  contained  by  the  clay.  The  opal  and  chalcedony 
closely  associated  with  the  calamine  repre^nt  a  further  excess  of 
silica.  The  presence  of  calamine  appears  also  to  indicate  that  sul- 
phuric acid  and  ferric  sulphate  had  become  exhausted,  and  that  zinc 
sulphate  in  the  neutralized  solution,  concentrated  by  depletion  of 
the  water,  could  not  remain  in  solution  in  the  presence  of  an  excess 
of  sUica.  The  absence  of  any  conspicuous  amount  of  smithsonite 
in  this  deposit  is  noteworthy  as  an  indication  that  carbon  dioxide 
was  a  very  minor  constituent  of  the  solution  which  introduced  the 
zinc.  The  presence  of  a  few  miscroscopic  needles  of  aurichalcite 
associated  with  the  calamine  and  chalcedony  also  points  to  the 
scarcity  of  carbon  dioxide,  as  it  is  probable  that  the  basic  carbonates 
of  zinc  are  deposited  when  there  is  no  excess  of  carbon  dioxide. 

It  is  known  that  sodium  carbonate  produces  a  basic  carbonate  of 
zinc,  when  added  to  zinc  sulphate;  on  the  other  hand,  sodium  bicar- 
bonate yields  a  normal  carbonate.  Raikow  ^  showed  that  an  excess 
of  carbon  dioxide  transforms  the  hydroxide  of  zinc  into  the  normal 
carbonate. 

If  the  descending  waters  on  passing  from  the  sulphide  body  into 
underlying  porphyry  have  been  depleted  of  their  free  sulphuric 
acid  and  ferric  sulphate,  it  is  doubtful  if  any  considerable  replace- 
ment of  the  wall  rock  can  occur,  at  least  until  the  waters  become  con- 
centrated through  depletion  or  adsorption  by  wall  rock  material. 
It  seems  unlikely  that  the  difficultly  soluble  minerals  of  the  porphyry 
can  be  readily  replaced  by  interchange  with  the  easily  soluble  sul- 

^  Raikow,  P.  N.,  Weitere  Untersuchungen  fiber  die  Einwirkang  der  EohlenBftnre  anf  die 
Hydrate  der  MetaUe :  Chem.  Zeitung,  yol.  81,  p.  55,  1907. 
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phate  of  zinc,  and  no  indication  of  such  a  process  has  been  noted. 
It  seems  probable,  on  the  other  hand,  that  such  a  solution  will  pass 
through  the  porphyry  until  ground-water  level  is  reached,  or  until 
coQoentration  by  the  above-mentioned  factors  causes  the  deposition 
ofgoslarite,  or  of  calamine  in  the  presence  of  sufficient  silica,  or  of 
zinciferous  day  in  the  presence  of  alumina  and  silica.    The  alumina 
and  silica  ipv^ould  presumably  have  been  derived  chiefly  from  gangue 
material  within  the  sulphide  body  and  from  porphyry  above  the  ore 
bodj.    Workable  deposits  of  calamine  with  more  or  less  zinciferous 
city  could  be  formed  in  this  way  where  excessive  fracturing  of  the 
porphyry  iJvouldL  afford  an  opportunity.    It  is  possible  also  that  in 
sach  places   some  replacement  of  the  shattered  porphyry  by  these 
minerals  could,   be  effected  if  the  solutions  were  sufficiently  concen- 
trated,  but    no    such  deposits  in   porphyry   have   been   noted   at 
Leadville. 

If  the  solution  with  a  high  content  of  zinc  should  pass  through 
the  porphyry  into  carbonate  rock,  deposition  of  the  zinc  as  car- 
bonate by  replacement  would  be  possible,  and  the  process  would  be 
analogous  to  that  described  below. 

None  of  the  X«eadville  deposits  can  be  attributed  chiefly  to  this  set 
of  conditions,  although  the  occurrence  of  zinc  carbonate  bodies  sep- 
arated from  parent  sulphide  bodies  by  a  sheet  of  porphyry  is  a 
possibility.  If  ^h©  solution  were  low  in  zinc  and  in  consequence 
relatively  high  in  silica  and  alumina,  calamine  and  zinciferous  clay 
oould  be  expected,  as  the  conditions  would  be  similar  to  those  illus- 
trated by  the  occurrence  in  the  Belgian  mine. 

Where  the  solution  passed  directly  from  the  sulphide  body  into 

carbonate  rock,  either  manganosiderite  or  dolomite,  and  contained 

an  excess  of  sulphuric  acid  and  ferric  sulphate,  the  sulphuric  acid 

would  at  once  be  neutralized  by  reaction  with  the  carbonates.    If 

free  oxygen  were  also  present  in  solution,  a  corresponding  amount  of 

ferrous  sulphate  formed  by  the  reaction  would  be  oxidized  to  ferric 

sulphate,  and  this  together  with  ferric  sulphate  already  in  solution 

would  react  further  with  the  carbonate  rock  and  be  precipitated  as 

ferric  hydrate,  according  to  the  following  equation :  ^ 

Fe,   (SOJ,+3(Fe,   Mn,   Mg,    Ca)C03+3H,0=2Fe(OH,)+3(Fe, 

Mn,Mg,  Ca)S04+3CO,. 

The  ferric  hydrate  thus  formed  would,  by  gradual  loss  of  a  part  of 
its  water,  be  gradually  transformed  into  one  of  the  hydrous  oxides 
and  thus  account  for  a  part  of  the  iron  oxide  in  the  layers  that  sep- 
arate the  lead-silver  stopes  above  from  the  zinc  carbonate  stopes 


*Tlie  action  of  sulphuric  acid  and  ferric  sulphate  on  limestone  has  been  studied  by 
W.  Meigen  (Beltrage  sur  Eenntnis  des  Kohlcnsauren  Kalkes :  Naturforsch.  Gesell.  Frei- 
bugim  Brelssau  Ber.,  vol.,  13,  p.  76,  1903).  The  equation  given  above  is  adapted  from 
«c  given  bj  Meise&t  in  which  CaCOt  ia  the  only  carbonate  represented. 
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below.  The  carbon  dioxide  formed  by  this  reaction  would  augment 
the  small  amount  already  pi*esent  in  solution. 

If  aluminum  sulphate  were  present  in  considerable  amount  it  may 
have  reacted  in  the  same  manner  as  the  ferric  sulphate  and  have 
been  precipitated  in  the  presence  of  sufficient  silica  to  form  kaolin. 
The  greatest  argument  for  this  reaction  is  the  intimate  association  of 
kaolin  with  iron  oxide  in  the  layers  just  mentioned.  There  is  also 
evidence  that  small  amounts  of  alumina,  now  present  as  pockets  of 
zinciferous  clay  in  zinc  carbonate  ore,  were  formed  at  a  later  stage. 
The  precipitation  of  the  silica  in  the  kaolin  may  be  attributed  %o  the 
mutual  absorptive  tendencies  of  colloidal  silica  and  ferric  and  alumi- 
num hydroxides.  More  or  less  zinc  may  have  been  removed  from 
solution  by  the  same  influence  at  this  time.  The  solution,  after  being 
depleted  of  free  sulphuric  acid  and  ferric  sulphate,  would  meet  the 
same  conditions  as  those  considered  in  the  next  paragraph. 

Where  the  solutions  had  become  depleted  of  free  sulphuric  acid 
and  ferric  sulphate  before  reaching  the  carbonate  rock,  no  layer  of 
ferric  oxide  and  kaolin  would  be  formed  at  first,  but  replacement  of 
the  carbonate  rock  by  zinc  carbonate  would  *occur.  This  reaction  has 
usually  been  explained  by  the  simple  equation 

ZnSO,+CaCO,=ZnCO,+CaS04, 

zinc  carbonate  being  precipitated  as  smithsonite  and  calcium  sulphate 
passing  off  in  solution.  This  reaction,  however,  although  it  plays  an 
important  part  in  the  process,  is  not  sufficient  to  explain  the  entire 
metasomatic  process  involved  in  the  deposition  of  the  Leadville  zinc 
carbonate  ores.  Direct  replacement  of  calcium,  magnesium,  and  man- 
ganese carbonates  by  zinc  carbonate  involves  a  high  percentage  of 
shrinkage;  similar  replacement  of  iron  carbonate  involves  less  but 
still  considerable  shrinkage.  Some  of  the  Leadville  zinc  carbonate 
ore  of  the  first  stage,  as  shown  on  page  38,  presents  some  indications 
of  shrinkage,  but  the  amount  is  so  much  obscured  by  later  processes 
of  leaching  and  cavity  filling  that  it  can  not  be  even  approximately 
measured.  Other  specimens  of  the  gray  ore  which  show  little  or  no 
evidence  of  leaching  contain  no  pore  spaces  large  enough  to  be  de- 
tected with  the  high  powers  of  the  microscope,  and  the  only  evidence 
of  shrinkage  is  the  presence  of  microscopic  fractures  containing  vein- 
lets  of  smithsonite.  The  metasomatic  process  in  this  material,  as  shown 
on  page  38,  evidently  proceeded  by  infiltration  of  the  solution  along 
the  boundaries  of  the  original  carbonate  grains  and  replacement  of 
them  from  the  boimdaries  inward,  leaving  a  very  small  amount  of  inde- 
terminable material  (unreplaced  carbonate?)  in  the  center  of  each 
grain.  The  only  conclusion  warranted  by  such  inconsistent  evi- 
dence is  that  some  shrinkage  may  have  been  developed  during  re- 
placement but  did  not  develop  everywhere  in  an  amount  sufficient 
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to  correspond  to  the  effects  of  a  direct  molecular  replacement  of 
dolomite  or  manganosiderite  by  the  gray  zinc  carbonate  ore. 

This  problem  in  metasomatism  has  been  discussed  by  Lindgren,^ 
who  states : 

Beplaoements  of  limestone  by  smlthsonite  within  the  rigid  rocks  are  quite 
nomoo,  and  in  tbis  case  the  mineral  often  reproduces  exactly  the  texture  of 
the  original  rock«  even  to  the  most  minute  details ;  the  resulting  secondary  zinc 
Dinertl  is  compact  and  at  least  not  more  porous  than  the  original  limestone. 
If  this  replacement  were  effected  according  to  a  chemical  equation,  be  it  by  suh- 
«tltntioQ  of  zinc  for  calcium  In  carbonate  or  by  interchange  of  zinc  sulphate 
ani  ctlcftum  cart>onate,  a  reduction  in  volume  should  necessarily  be  exiiocted. 
It  does  not  take  place  provided  the  metasomatic  action  goes  on  within  the 
nam  of  the  rock  itself. 

It  is  therefore  necessary  to  look  to  the  mineralogic  evidence  in  the 
ores  for  suggestions  as  to  the  metasomatic  processes  that  took  place. 
This  evidence,  presented  in  the  ore  descriptions,  shows  that  both 
manganosiderite  and  dolomite  were  replaced  by  the  gray  zinc  ore, 
ilso  that  after  replacement  of  manganosiderite  by  ferruginous  smith- 
sonite  had  ceased  fractures  and  other  openings  were  partly  or  com- 
pletely filled  by  smithsonite  relatively  free  from  iron. 

The  descending  zinc  solutions,  depleted  of  free  sulphuric  acid  and 
ferric  sulphate  and  most  or  all  of  their  alumina,  contained  principally 
zinc  and  ferrous  iron,  with  minor  amounts  of  manganese,  alkalies, 
ind  alkaline  earths,  chiefly  as  sulphates  and  to  a  minor  extent  as 
bicarbonates.  Silica  was  also  present.  The  conditions  of  chemical 
equilibrium  that  exist  when  so  complex  a  solution  attacks  the  com- 
plex carbonate  rock  manganosiderite  can  be  only  roughly  inferred 
from  experimental  data  on  relatively  simple  solutions  and  com- 
pounds. Lack  of  solubility  is  the  predominating  factor  in  determin- 
ing the  order  of  separation  of  the  products  of  such  a  reaction.^  The 
composition  of  the  gray  ore  is  proof  that  under  the  conditions  here 
discussed  zinc  carbonate  was  the  least  soluble  product.  It  is  there- 
fore concluded  that  the  zinc  in  solution  as  sulphate  replaced  the 
bases  of  the  manganosiderite,  and  that  the  zinc  in  solution  as  car- 
b<mate  was  also  precipitated.  Precipitation  of  zinc  as  smithsonite 
thus  proceeded  either  until  the  manganosiderite  was  completely  re- 
placed or  until  the  total  zinc  in  solution  became  exhausted. 

Any  shrinkage  due  to  replacement  by  reaction  between  zinc  sul- 
phate and  manganosiderite  is  believed  to  have  l>een  compensated  by 
simultaneous  precipitation  of  the  zinc  carbonate  from  solution,  as 
long  as  the  supply  of  zinc  and  the  carbonate  radicle  remained.  If 
the  supply  was  insufficient  to  compensate  fully  for  shrinkage,  a  cor- 
responding amount  of  shrinkage  space  in  the  gray  ore  must  have 

^Llndgren.  Waldemar.  Tho  nature  of  replncemcnt :  Boon.  Geology,  vol.  7,  p.  580,  1912. 
'Johniton,   Jobn,  and  Nlggli,   Paul.     The  general   principles  underlying  metamorpbic 
procctMs:  Jour.  Geology,  vol.  21,  p.  506,  1918. 
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resulted.  This  space  may  later  have  been  filled  by  precipitation  from 
a  new  supply  of  solution,  or  modified,  if  not  obliterated,  by  the  effects 
of  oxidation. 

The  constituents  removed  from  the  manganosiderite  by  this  process, 
thus  became,  with  the  sulphate  radicle,  the  principal  constituents  in 
solution  and  were  presumably  removed  from  the  manganosiderite 
zone.  Whether  or  not  they  could  have  reacted  with  and  replaced 
dolomite  is  a  question  on  which  the  writer  has  no  definite  evidence. 
The  manganese  and  magnesium  in  the  manganosiderite  were  evi- 
dently more  soluble,  or  replaceable,  than  the  iron,  as  shown  by  com- 
parison of  the  analyses  on  page  47. 

The  replacement  of  iron  carbonate  by  zinc  carbonate  is  not  in  ac- 
cordance with  certain  experimental  data.  Knopf  ,^  in  his  description 
of  zinc  carbonate  deposits  at  Cerro  Gordo,  in  the  Inyo  Mountains  of 
California,  cites  experiments  by  R.  C.  Wells  that  showed  ferrous  car- 
bonate to  be  less  soluble  than  zinc  carbonate;  but  more  recent  experi- 
ments by  Mr.  Wells  *  have  shown  that  the  relative  solubility  or  pre- 
cipitability  of  the  two  carbonates  differs  according  to  the  precipi- 
tant used.  Thus  if  sodium  carbonate  is  used  in  a  sulphate  solution 
of  the  two  metals,  zinc  (carbonate)  is  precipitated  before  iron  (car- 
bonate) ;  if  sodium  bicarbonate  is  used,  the  order  is  reversed.  The 
precipitants,  or  replaced  compounds,  of  the  Leadville  zinc  ores  were 
carbonates,  not  bicarbonates,  and  this  fact  in  the  light  of  Wells's 
experiments  may  be  of  some  significance. 

That  both  zinc  and  iron  and  possibly  manganese  are  similarly  pre- 
cipitated by  magnesium  and  calcium  carbonates  is  shown  by  the  com- 
position of  the  zinc  carbonate  ores  which  have  replaced  dolomite,' 
In  this  case  zinc,  iron,  and  manganese  carbonates  were  precipitated 
together,  in  varying  proportions,  which  depended  no  doubt  on  their 
proportions  in  the  solution. 

This  isomorphous  character  of  the  carbonate  ore  is  of  interest. 
The  fact  that  the  gray  carbonate  ore,  although  free  from  visible 
microscopic  inclusions  of  manganosiderite,  contains  about  14  per  cent 
of  ferrous  carbonate  and  smaller  amounts  of  manganese,  magnesium, 
and  lime  carbonates  suggests  that  replacement  of  these  carbonates 
by  zinc  carbonates  can  extend  up  to  a  certain  limit  but  not  to  their 
complete  elimination.  The  same  feature  may  have  been  shown  by  the 
ore  that  replaced  dolomite  or  limestone,  but  oxidation  has  obscured 
the  evidence.    The  ratio  of  calcium  carbonate  to  other  carbonates  in 


I  Knopf,  A'dolph,  Mineral  resources  of  the  Inyo  and  White  mountains,  Cal. :  U.  8.  Geol. 
Bnrrey  Bull.  540,  p.  107,  1914. 

*  Personal  communication. 

*  No  unoxidlsed  carbonate  ore  replacing  dolomite  was  seen  by  the  writer  at  LeadTllle.  but 
the  ferric  and  manganese  oxides  in  the  brown  ore  are  mostly  or  wholly  the  result  of 
oxidation  in  place  of  gray  (ferrous)  sine  carbonate.  In  the  Tin  tic  district,  Utah,  the 
writer  found  gray  sine-iron  carbonate  ore  replacing  practlcaUy  pure  limestone  (Econ. 
Geology,  toI.  9,  pp.  2-3,  1914). 
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these  ores  is  misleading,  owing  to  the  presence  of  calcite  fillings  of 
fractares  and  migs  of  later  origin  than  the  replacement  ore. 

The  progress  and  behavior  of  the  solutions  after  deposition  of  the 
zinc  carbonate  could  not  be  adequately  studied  underground,  as  the 
mine  workings  do  not  generally  follow  watercourses  beyond  the 
limits  of  ore  bodies.    The  few  such  watercourses  seen  were  stained 
by  iron  and  manganese  oxides,  but  these  could  hardly  have  been  de- 
posited directly  from  the  waters  that  deposited  the  gray  zinc  ore. 
The  waters  after  the  replacement  of  manganosiderite  must  have  been 
sulphate  waters  containing  principally  iron  and  manganese,  with 
some  magnesium  and  small  amounts  of  several  other  elements.     It 
seems  quite  possible  that  they  could  cause  a  replacement  of  dolomite 
by  manganosiderite,  but  no  such  replacement  is  known,  and  it  is 
doubtful  if  such  a  secondary  manganosiderite  could  be  distinguished 
without  microscopic  study  from  the  primary  manganosiderite,  which 
is  clearly  an  intimate  associate  of  the  sulphide  ores.     It  is  doubtful 
if  the  neutral  sulphate  waters  could  cause  any  other  chemical  action. 
They  would  presumably  pass  on  to  ground-water  level,  if  they  had 
not  already  reached  it,  enriching  the  ground  water  in  sulphates. 

The  relation  of  ore  deposition  to  ground-water  level  is  discussed  on 
pages  64-66,  where  it  is  concluded  that  the  gray  zinc  carbonate  ore 
was  deposited  close  to  if  not  below  water  level.  In  this  connection 
the  following  statement  by  Lindgren  *  is  of  interest : 

Replacement  by  equal  vol.ume  demands  the  nicest  balance  between  solution 
and  precipitation  and  takes  place  when  the  rock  is  permeated  by  stagnant  or 
slowly  moving  solutions. 

These  conditions  are  satisfied  below  ground-water  level  and  prob- 
ably in  the  zone  just  above  it.  In  arid  regions  similar  replacement 
deposits  are  foimd  well  above  the  present  ground- water  level  and  are 
to  be  attributed  either  to  the  existence  of  a  higher  water  level  when 
replacement  occurred,  to  local  impounding  of  water  above  an  im- 
pervious stratum,  or  to  gradual  exhaustion  of  the  descending  waters 
by  permeation  of  the  rock,  with  resulting  slow  movement  and  super- 
saturation,  thus  producing  conditions  of  chemical  equilibrium  essen- 
tially the  same  as  those  already  considered.  The  abundant  precipi- 
tation at  Leadville  and  the  presence  of  sulphide  bodies  above  gray 
zinc  carbonate  ore  favor  the  conclusion  that  deposition  of  the  zinc 
carbonate  bodies  on  Carbonate  Hill  below  the  surface  of  ground 
water  was  quite  possible.  The  ground-water  level  in  fact  may  have 
aided  the  geologic  structure  in  the  concentration  of  these  great  bodies. 
In  other  places — for  example,  in  Iron  and  Rock  hUls— deposition 
took  place  above  the  water  level,  the  concentration  and  the  size  of 
the  ore  bodies  being  determined  by  the  amount  of  zinc  and  other  ele-^ 

&  XiBdsx«n»  Waldemar,  The  nature  of  replacement :  Bcon.  Geology,  toL  7,  p.  531, 
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ments  in  solution  and  by  the  rock  structure,  which  influenced  the  slow 
or  rapid  movement  of  the  descending  solutions  and  the  degree  to 
which  they  could  permeate  the  rock. 

SECOND  STAGE. 

It  is  not  to  be  supposed  that  the  processes  of  solution,  transfer,  and 
deposition  already  described  were  sharply  separated  in  all  respects 
from  those  that  remain  to  be  considered.  The  oxidation  of  zinc 
blende  was  accompanied  by  simultaneous  oxidation  of  some  pyrite 
and  a  little  galena,  and  the  greater  the  amount  of  pyrite  oxidized  the 
greater  the  amounts  of  iron  sulphates  that  took  part  in  the  different 
reactions;  but  the  much  greater  susceptibility  of  zinc  blende  to  oxi- 
dation caused  its  practically  complete  removal  while  large  amounts 
of  the  other  two  sulphides  remained.  The  first  stage,  marked  by 
transfer  and  redeposition  of  the  zinc,  is  thus  distinct  from  the  sec- 
ond stage,  which  was  characterized  by  oxidation  of  the  remaining 
pyrite  and  galena  and  by  a  working  over  of  the  newly  formed  zinc 
carbonate  bodies. 

The  oxidation  of  the  remaining  pyrite,  as  before,  caused  generation 
of  sulphuric  acid  and  ferric  sulphate ;  the  oxidation  of  galena  to  sul- 
phate and  finally  to  carbonate  generated  additional  sulphuric  acid. 
The  presence  of  considerable  amounts  of  jarosite  and  plumbojarosite, 
however,  gives  proof  that  a  part  of  the  iron  sulphates  were  deposited 
without  further  reactions  of  present  significance  and  that  not  all  the 
galena  was  finally  changed  to  carbonate.  The  amount  of  sulphuric 
acid  and  ferric  sulphate  which  succeeded  in  reaching  the  zinc  car- 
bonate bodies  therefore  represented  only  a  part  of  the  quantity  of 
pyrite  and  galena  oxidized. 

The  sulphuric  acid,  on  attacking  the  ferruginous  zinc  carbonate 
decomposed  it,  taking  zinc  and  iron  sulphates  into  ^lution.  The 
iron  sulphate,  if  free  oxygen  were  present,  oxidized  to  ferric  sul- 
phate, which,  with  the  ferric  sulphate  already  in  solution,  in  turn 
attacked  and  replaced  more  of  the  zinc  carbonate  and  was  deposited 
itself  as  hydrate  or  hydrous  oxide,  thus  forming  or  adding  to  the 
layer  of  iron  oxide  and  kaolin  at  the  top  of  the  ore  body.  The  zinc 
thus  removed  was  carried  in  solution  until  it  could  again  attack  and 
replace  manganosiderite  or  dolomite. 

The  principal  work  of  the  second  stage,  therefore,  was  a  slight 
downward  migration  of  the  zinc  carbonate  bodies,  material  removed 
from  their  upper  parts  being  added  to  their  lower  parts.  The  extent 
of  migration  obviously  depended  on  the  amounts  of  pyrite  and 
galena  oxidized. 
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THIBD  STAGE. 

The  third  stage  includes  the  operation  of  those  processes  which 
have  been  active  since  the  decomposition  of  the  original  sulphides. 
The  principal  agents  were  oxygen  and  carbon  dioxide,  which,  as  low- 
ering of  the  surface  by  erosion  progressed,  became  more  and  more 
abundant. 

Oiygen  on  reaching  the  gray  carbonate  ore  oxidized  the  iron  and 
manganese,  causing  the  formation  of  red  or  brown  ferric  oxide  and 
the  zinc-manganese  oxide,  hetaerolite,  the  zinc  carbonate  recrystal- 
lizing  in  a  relatively  pure  state.  The  iron  oxide,  to  judge  from  the 
many  specimens  of  brown  ore  studied,  tended  to  remain  in  place, 
while  the  new  smithsonite  and  hetaerolite  migrated  short  distances  to 
fractures  and  other  openings  to  form  druses  or  complete  fillings. 

This  process  shows  that  the  smithsonite  and  hetaerolite  were  to 
some  extent  soluble  in  the  solutions,  and  that  although  they  were  for 
the  most  part  quickly  redeposited,  small  amounts  of  them  may  have 
been  carried  for  considerable  distances.  The  free  carbon  dioxide  in 
the  water  also  had  a  tendency  to  dissolve  the  carbonate  ore  and  carry 
the  zinc  as  bicarbonate,  the  iron  and  manganese  separating  out  as 
oxides.  The  combined  effect  of  the  oxygen  and  carbon  dioxide  was  to 
induce  a  slow  downward  migration  of  the  zinc  carbonate  bodies  and 
a  corresponding  thickening  of  the  layers  of  iron  oxide  and  clay  at 
their  tops. 

After  the  exhaustion  of  carbon  dioxide  to  a  certain  degree  silica 
became  the  active  acid  radicle,  uniting  with  zinc  to  form  calamine, 
the  latest  of  the  more  abundant  zinc  minerals.  The  character  of  dif- 
ferent calamine  aggregates  shows  that  the  zinc  and  silica  were  for 
the  most  part  carried  in  solution  and  the  calamine  was  deposited  in 
openings  as  a  result  of  supersaturation ;  on  the  other  hand,  replace- 
ment of  smithsonite  by  calamine  shows  that  a  part  of  the  zinc  was 
derived  in  place  and  the  silica  introduced  in  solution.  The  source  of 
the  silica  is  to  be  referred  especially  to  the  porphyry  overlying  the 
original  sulphide  bodies.  Small  amounts  of  silica  may  also  have 
been  derived  from  the  gangue  of  these  ore  bodies  and  from  the  origi- 
nal carbonate  rocks. 

The  conditions  of  equilibrium  governing  the  deposition  of  cala- 
mine are  not  well  imderstood.^  It  is  evident  from  paragenetic  study 
that  calamine  can  not  form  until  smithsonite  (the  late  drusy  form) 
has  finished  crystallizing;  on  the  other  hand,  it  is  also  evident  that 

^  since  tills  paragraph  was  written  experiments  to  throw  light  on  the  conditions  affect- 
tB(  the  deposition  of  calamine  have  been  made  by  Y.  T.  Wang  (The  formation  of  the 
oxldiced  ores  of  sine  from  the  sulphide :  Am.  Inst.  Min.  Eng.  Bull.,  September,  1915, 
pp.  1988-1991).  He  found  that  calamine  Is  soluble  in  water  containing  carbon  dioxide 
&b4  even  more  soluble  in  water  containing  bicarbonate  of  zinc  as  well.  These  results 
tfrce  with  the  fact  that  calamine  at  LeadvlUe  Is  deposited  after  smithsonite. 

52787*— Bull.  681—18 6 
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calamine  can,  under  certain  conditione,  replace  smithsonite.  Why 
smithsonite  is  the  less  soluble  in  one  case  and  the  more  soluble  in  the 
other  is  not  clear.  There  is  no  reason  for  supposing  that  silica  was 
not  present  while  the  smithsonite  was  being  deposited.  A  reasonable 
inference  is  that  crystallization  of  smithsonite,  once  started,  con- 
tinued for  a  time  after  the  equilibrium  point  was  passed,  and  that 
the  smithsonite  was  later  redissolved  by  the  now  more  stable  cala- 
mine. Another  conjecture  is  that,  as  the  solution,  through  pro- 
longed permeation,  became  more  concentrated,  silica  superseded  car* 
bon  dioxide  as  the  stronger  acid  radicle — in  other  words,  whereas 
smithsonite  was  the  more  insoluble  mineral  in  the  dilute  solution, 
calamine  was  the  more  insoluble  in  the  concentrated  solution. 

The  occurrence  of  small  amounts  of  zinciferous  clay  closely  asso- 
ciated with  calamine  shows  that  the  two  were  deposited  at  about  the 
same  time.  These  small  amounts  of  clay  may  be  attributed  to  alu- 
mina, which  is  commonly  present  with  silica  in  mine  waters  of  the 
oxidized  zone  and  was  derived  from  the  same  sources;  but  in  this 
case  the  occurrence  of  the  clay  as  one  of  the  latest  minerals  is  rather 
surprising,  especially  as  the  waters  that  deposited  it  appear  to  have 
been  praictically  free  from  sulphates.  Some  of  the  clay  however,  has 
evidently  resulted  from  chemical  precipitation  and  suggests  that 
aluminum  can  be  held  in  solution  until  the  waters  become  concen- 
trated by  depletion,  when,  in  the  presence  of  silica  and  zinc,  it  is 
precipitated  as  zinciferous  clay. 

Another  interpretation  is  that  the  clay  was  in  reality  precipitated 
at  an  earlier  stage  and  carried  in  suspension  for  indefinite  distances 
until  finally  it  was  deposited  in  openings  where  the  waters  became 
stagnant,  the  zinc  content  being  due  to  replacement  of  the  aluminum 
in  the  clay.  This  suggestion  could  be  applied  to  the  clay  fillings  in 
fractures  and  fissures.  Such  fillings  may  have  been  formed  during 
the  first  two  (sulphate  water)  stages,  and  if  they  were  the  chemistry 
of  deposition  could  be  regarded  as  generally  similar  to  the  processes 
outlined  in  the  preceding  pages. 

Failure  to  find  any  conspicuous  occurrences  of  hydrozincite  pre- 
vents an  adequate  discussion  of  its  place  and  significance  in  the 
genesis  of  the  Leadville  deposits.  The  writer,  in  his  study  of  the 
Tintic  zinc  ores,^  found  that  hydrozincite  as  a  rule  followed  the 
drusy  smithsonite  and  therefore  belonged  to  the  same  period  of 
crystallization  as  calamine.  This  paragenetic  relation  is  in  accord 
with  experimental  evidence,^  which  shows  that  when  carbon  dioxide 

*Bcoii.  Geology,  vol.  9,  pp.  8,  7,  1914.  Where  hydrozincite  In  the  Tlntlc  district 
alternated  with  dmsy  smithsonite,  the  later  smithsonite  was  evidently  deposited  from  a 
new  supply  of  solution,  and  this  was  in  turn  followed  by  renewed  deposition  of  hydro- 
zincite. 

'Ralkow,  P.  N.,  Weitere  Untersuchungen  (Iber  die  Elnwirkung  der  Kohlenafture  aul  die 
Hydrate  der  Metalle :  Chem.  Zeitnng,  vol.  81,  p.  55,  1907. 
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is  present  in  the  solution  in  excess  the  carbonate  of  zinc,  smithsonite, 
will  crystallize,  but  that  when  carbon  dioxide  is  not  in  excess  the  basic 
carbonate,  hydrozincite,  will  crystallize.    This  principle  applied  to 
the  waters  at  Leadville  would  imply  that  as  the  solutions  diminished 
in  Yolome,  owing  to  their  spreading  along  fractures  or  to  permeation 
through  the  ore  bodies,  they  lost  their  excess  of  carbon  dioxide. 
Smithsonite  therefore  would  cease  to  form,  and  the  remainder  of 
the  zinc  carbonate  would  crystallize  as  hydrozincite.    According  to 
this  principle,  hydrozincite  should  be  found  coating  druses  of  smith- 
sonite and  lining  fractures  below  the  limits  of  smithsonite  deposi- 
tion, also  as  a  local  alteration  product  where  water  containing  no  free 
carbon  dioxide  succeeded  in  causing  recrystallization  of  smithsonite.^ 
The  aurichalcite  in  the  Ibex  mine  accords  with  this  interpretation. 
The  aurichalcite  was  deposited  at  the  same  time  as  calamine,  and 
both  were  formed  later  than  drusy  smithsonite.    Evidently  the  solu- 
tion, locally  impounded  in  cavities  in  the  ore,  lost  its  excess  of  car- 
bon dioxide.     The  copper  and  a  corresponding  amount  of  zinc  then 
crystallized  as  the  basic  carbonate,  aurichalcite,  and  the  rest  of  the 
zinc  went  to  form  calamine.    Any  excess  of  silica  over  that  required 
to  form  calamine  was  deposited  as  opal,  chalcedony,  or  quartz  coat- 
ing or  inclosing  the  calamine  crystals. 

After  the  v^aters  had  become  depleted  of  zinc  carbonate  and  sili- 
cate calcite  was  deposited  in  small  amount,  though  only  in  a  few 
places,  as  the  final  product  of  the  third  stage.  As  nicholsonite  and 
aragonite  were  not  found  within  the  ore,  they  can  not  be  assigned 
to  a  definite  place  in  the  sequence.  Both  minerals  crystallized  in 
openings  in  limonite,  and  from  their  mode  of  occurrence  would 
appear  to  belong  to  the  later  part  of  the  third  stage  of  deposition — 
that  is,  to  the  calamine-calcite  period — but  their  relations  to  cala- 
mine, hydrozincite,  aurichalcite,  and  calcite  are  not  known. 

The  third  stage  of  transfer  and  redeposition  is  still  in  progress. 
Remnants  of  gray  carbonate  ore  are  undergoing  oxidation,  and  the 
other  zinc  minerals  are  doubtless  slowly  forming  at  their  expense. 
These  minerals  also  are  being  subjected  to  further  leaching  and 
redeposition,  and  even  calamine,  the  latest  of  the  abimdant  zinc 
minerals,  may  be  found  in  places  with  corroded  surfaces,  which 
signify  that  slow  leaching  and  continued  downward  migration  are 
stUl  going  on. 


The  detailed  discussion  of  genesis  may  be  briefly  summarized  as 
follows : 


■since  tbte  statement  was  written  Philip  Argall  (Mln.  Mag.,  vol.  10,  tkg.  4,  p.  28S.  1914) 
bu  pabllsbed  an  Ulnstration  of  a  Bpeclmen  taken  from  a  flsaure  cutting  the  lower  beds  of 
Wblte  limestone  in  the  Maid  of  Erin  mine.  The  specimen  consisted  of  flbrons  (drusy) 
nsltlisonite  covered  by  a  coating  of  hydroslncite  an  eighth  of  an  inch  thick. 
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In  the  £rst  stage  femiginoiis  zinc  blende  (nutrmatite)  was  deoom- 
posed  by  sulphate  waters,  which  also  contained  carbon  dioxide. 
Where  the  solutions  containing  zinc  and  iron  sulphates  and  smalls 
quantities  of  other  salts  passed  through  porphjrry  any  free  sulphuric 
acid  and  ferric  sulphate  decomposed  sericite  and  feldspar  and  later 
deposited  the  alumina,  silica,  and  zinc  as  zinciferous  clay,  eitho: 
along  fissures  in  the  porphyry  or  by  replacing  limestone  just  beneath 
the  porphyry.  Where  the  zinc  solutions  passed  from  the  sulphide 
body  into  Ibnestone  any  free  sulphuric  acid  at  once  became  neu- 
tralized and  ferric  sulphate  was  precipitated  as  ferric  hydrate,  which 
replaced  the  limestone  and  formed  part  or  all  of  the  characteristic 
layers  that  separate  the  zinc  from  the  lead-silver  stopes.  If  no  free 
sulphuric  acid  or  ferric  sulphate  was  present,  no  such  layer  was 
formed  at  this  time.  The  neutral  solution  then  caused  replacement 
of  carbonate  rock,  both  manganosiderite  and  dolomite,  by  gray 
smithsonite.  In  the  manganosiderite  greater  proportions  of  mag- 
nesia and  manganese  than  of  iron  carbonates  were  replaced.  Deposi- 
tion of  the  smithsonite  took  place,  at  least  in  part,  not  so  much  by 
direct  reaction  between  the  carbonates  and  a  molecularly  equivalent 
amount  of  zinc  sulphate  as  by  a  volume  for  volume  interchange. 
In  the  replacement  of  dolomite  the  magnesia  and  lime  appear  to 
have  been  replaced  simultaneously  by  zinc  and  iron  carbonates.  The 
replacement  of  the  carbonate  rocks  was  effected  by  stagnant  or 
slowly  moving  solutions,  which  in  the  northern  part  of  Carbonate 
Hill  may  have  been  close  to  or  even  below  the  level  of  ground  water. 
Elsewhere  the  replacement  occurred  well  above  the  water  level. 

The  second  stage  was  characterized  by  decomposition  of  the  pyrite 
and  galena  that  survived  the  first  stage.  The  resulting  sulphuric  acid 
and  ferric  sulphate  that  reached  the  newly  formed  zinc  carbonate 
bodies  tended  to  leach  and  replace  their  upper  portions,  with  a 
corresponding  thickening  of  the  iron  oxide  layers  at  their  tops,  and 
to  remove  the  dissolved  materials  to  the  lower  ends  of  the  ore  bodies, 
where  additional  replacement  of  carbonate  rock  could  occur.  The 
final  result  of  processes  active  during  the  second  stage  was  a  greater 
or  less  downward  migration  of  the  zinc  carbonate  bodies,  the  extent 
of  migration  depending  on  the  amount  of  sulphuric  acid  and  ferric 
sulphate  available  at  any  particular  place. 

The  third  stage  includes  the  changes  that  took  place  after  the 
sources  and  supplies  of  sulphuric  acid  and  ferric  sulphate  had  be- 
come practically  exhausted,  leaving  carbon  dioxide  and  oxygen  as 
the  principal  active  agents.  These  attacked  the  gray  zinc  carbonate 
ore,  oxidizing  its  iron  to  red  or  brown  ferric  oxide  and  its  manganese 
and  some  zinc  to  hetaerolite  and  recrystallizing  a  part  of  the  remain- 
ing zinc  carbonate  into  drusy  smithsonite.  Although  these  changes 
were  mostly  brought  about  with  very  little  transfer  of  material. 
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there  was  probably  a  slight  tendency  to  downward  migration  of  the 
ore  bodies  and  corresponding  thickening  of  the  overlying  iron  oxide 
Itjers.  After  the  work  of  oxygen  and  carbon  dioxide  had  been 
mostly  accomplished  and  the  excess  of  carbon  dioxide  had  escaped, 
small  amounts  of  aurichalcite  and  hydrozincite  were  formed.  At 
aboat  the  same  time  silica  succeeded  carbon  dioxide  as  the  dominant 
acid  radicle  and  caused  the  deposition  of  calamine,  mostly  as  cavity 
fillings  but  to  a  minor  extent  replacing  smithsonite.  Where  alumi- 
num was  locally  an  abundant  constituent  of  the  solutions  at  this 
period  small  amounts  of  zinciferous  clay  were  deposited  in  cavities 
along  with  or  in  place  of  calamine.  If  silica  was  present  in  excess, 
small  amounts  of  opal,  chalcedony,  or  quartz  were  deposited  after 
the  calamine.  Galcite  and  probably  also  aragonite  and  nicholsonite 
were  deposited  later  than  the  calamine,  representing  the  latest  of  the 
succession  of  minerals  in  the  oxidized  zinc  ore  bodies.  Oxidation  of 
the  third  stage,  however,  is  still  in  progress. 

PROSPECTING    FOR    BODIES    OF    OXIDIZED    ZINC    ORE. 

The  more  consideration  one  gives  to  the  factors  chiefly  concerned 
in  the  genesis  and  distribution  of  the  oxidized  zinc  ore  bodies,  the 
more  hesitant  is  he  likely  to  become  in  any  attempt  to  predict  the 
location  of  undiscovered  bodies.  It  is  obvious  that  the  zinc  bodies 
are  intimately  associated  witH  the  old  lead-silver  stopes,  but  their 
exact  positions,  shapes,  and  sizes  depend  upon  too  many  variable 
factors  to  be  determined  without  actual  prospecting.  In  the  first 
place,  the  distribution  of  zinc  blende  in  the  original  sulphide  bodies 
was  very  irregular,  as  it  is  in  the  sulphide  bodies  now  being  mined- 

In  some  ore  bodies  zinc  blende  although  .abundant,  may  have  been 
accompanied  by  even  more  abundant  pyrite.  as  in  most  of  the  present 
sulphide  bodies.  In  such  deposits  the  effects  of  the  first  and  second 
stages  of  oxidation  may  have  removed  the  bulk  of  the  zinc  a  con- 
siderable distance  from  the  corresponding  lead-silver  body,  the  in- 
tervening space  being  occupied  by  iron  oxide  or  "  contact  matter." 
Whether  such  prolonged  transfer  would  result  in  greater  concentra- 
tion or  dispersion  of  the  zinc  would  depend  upon  local  structurea 
Local  concentrations  may  be  represented  by  some  of  the  Chrysolite 
bodies  (fig.  7,  p.  57)  found  a  considerable  distance  below  the  stopes 
shown  in  Emmons's  sections  and  just  above  the  upper  contacts  of 
porphyry  sills.* 

In  other  ore  bodies  a  shoot  of  zinc  blende  may  have  existed  side 
by  side  with  one  of  pyrite,  and  oxidation  with  downward  migration 
may  have  resulted  in  the  formation  of  zinc  carbonate  and  iron  oxide 


8.  F.,  Geology  and  mining  Industry  of  Leadvllle,  Colo. ;  U.  S.  Oeol.  Surrey 
Hoa.  12,  Atlas  alieeta  81  and  82,  1886. 
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bodies  side  by  side.  Oxidation  of  manganosiderite  beside  or  even 
beneath  the  zinc  carbonate  bodies  may  also  have  yielded  iron  oxide 
or  manganese-iron  oxide  bodies,  but  oxidation  beneath  the  zinc  ores 
was  doubtless  of  relatively  infrequent  occurrence  and  small  extent. 

At  some  places  the  rock  underlying  original  sulphide  bodies  may 
have  contained  much  siliceous  matter  and  correspondingly  little 
carbonate  material.  In  such  places  the  smithsonite,  deposited  by 
replacement  of  the  carbonate  content,  may  have  formed  low-grade 
ore  bodies  of  considerable  extent  or  local  shoots  where  fissuring  or 
shattering  permitted  thorough  permeation  of  the  elsewhere  rela- 
tively impervious  rock.  Descending  solutions  from  siliceous  ore 
bodies  may  have  been  unusually  rich  in  silica  and  alumina  and  de- 
posited them  in  some  form  along  with  the  zinc,  thus  giving  ore  of 
low  grade.  Such  conditions  may  account  for  the  characteristics  of 
the  ore  bodies  in  the  Tucson  mine  and  of  some  ore  bodies  in  the 
Chrysolite  mine. 

The  influence  of  local  structure  has  been  illustrated  on  pages  54-56, 
and  only  summarized  statements  need  be  made  here.  Faults  and 
strong  fissures,  if  filled  with  impervious  material  or  if  bringing  im- 
pervious or  nonreplaceable  beds  opposite  replaceable  beds,  may  serve 
to  impound  the  solutions  and  develop  an  ore  body,  of  unusual  thick- 
ness; faults  and  fissures  of  similar  magnitude,  if  open  and  very 
pervious,  may  serve  to  concentrate  the  flow  of  solutions  along  them 
and  give  rise  to  deposits  of*  general  veinlike  form.  If  solutions 
traveling  along  open  fissures  pass  beyond  the  limits  of  the  carbonate 
rocks  before  effecting  much  replacement,  it  is  probable  that  no  work- 
able deposits  will  be  formed  by  them.  Impervious  rock  layers,  such 
as  the  quartzites  and  porphyries,  may  confine  replacement  to  the  lime- 
stone above  them;  but  the  same  rocks,  if  fractured,  may  allow  the 
solutions  to  pass  into  or  through  them.  Where  solutions  penetrate 
Cambrian  quartzite  or  thick  masses  of  porphyry  in  this  manner  their 
zinc  contents  are  not  likely  to  be  concentrated  into  workable  deposits. 
If  solutions  find  their  way  into  a  large  body  of  rock  which  is  chemi- 
cally replaceable  but  only  slightly  permeable  and  which  is  not  imme- 
diately underlain  by  some  impervious  bed,  the  solutions  are  likely  to 
bec(»ne  dispersed  and  to  yield  an  extensive  body  of  low-grade  ore  or 
a  series  of  shoots  too  small  for  profitable  mining. 

These  many  and  varying  conditions  should  convince  operators  that 
the  more  they  know  of  the  significance  of  structural  details  of  their 
ground  the  more  intelligently  can  they  prospect  for  zinc  ores.  They 
should  realize  that  large  bodies  of  high-grade  ore  are  to  be  found 
only  where  the  original  supply  of  zinc,  local  structural  conditions, 
and  the  composition  of  the  country  rock  have  all  been  favorable. 
The  area  covered  by  the  numerous  and  extensive  oxidized  lead-silver 
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stopes  in  the  district,  extending  from  the  western  edge  of  the  Down- 
town section  eastward  to  Ball  Mountain  and  from  Fryer  Hill  south- 
ward to  Keck  Hill,  is  legitimate  prospecting  ground  for  oxidized  zinc 
ores,  but  it  remains  for  those  most  familiar  with  the  details  of 
individual  mines  or  claims  to  formulate  the  best  methods  of  prospect- 
ing. Furthermore,  especially  where  ground  has  been  abandoned  for 
a  long  time  and  detailed  knowledge  of  it  is  slight,  prospectors  should 
be  ever  on  the  lookout  for  new  and  unexpected  evidence  and  should 
modify  their  methods  accordingly. 
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PREFACE. 


By  Ai^FRED  H.  Brooks. 


Alaska  marble  was  first  used,  long  before  the  coming  of  the  white 
man,  by  the  natives,  who  carved  utensils  and  ornaments  from  some 
of  the  more  highly  colored  varieties.  The  Russian  occupants  of 
Alaska  gave  no  heed  to  the  marble,  though  they  may  have  utilized  a 
few  slabs  for  tombstones.  The  marbles  of  southeastern  Alaska  were 
among  the  first  of  the  mineral  deposits  of  the  Territory  to  be  men- 
tioned in  the  official  reports  of  the  United  States  Government.  For 
many  years  these  marbles  excited  no  interest,  for  in  spite  of  their 
favorable  location  on  tidewater  there  was  no  market  for  them  and 
accordingly  they  had  no  value.  Probably  some  time  in  the  early 
nineties  a  little  marble  was  quarried  on  Ham  Island,  in  the  Wrangell 
district,  and  worked  up  into  tombstones,  which  were  sold  at  localities 
near  by.  These  tombstones  were  in  considerable  demand  among  the 
natives,  who  learned  their  use  from  the  white  man  and  substituted 
them  for  the  crudely  carved  wooden  totems. 

It  was  about  1896  that  the  first  thought  was  given  to  opening  the 
Alaska  marble  deposits  on  a  commercial  scale,  for  by  this  time  the 
rapid  growth  of  the  cities  of  the  west  coast  had  made  a  demand  for 
ornamental  and  building  stone.  After  some  years  of  prospecting  on 
the  deposits  on  the  northwest  side  of  Prince  of  Wales  Island,  a 
quarry  was  opened  near  Calder,  and  shipments  were  begun  in  1902. 
Since  1904  there  has  been  a  steady  increase  in  the  marble  output  of 
Alaska,  which,  however,  has  practically  all  come  from  a  few  quarries 
in  the  Shakan-Calder  region  of  the  Ketchikan  district.  Although, 
as  this  report  shows,  marble  is  widely  distributed  in  southeastern 
Alaska,  its  development  has  thus  far  been  limited  to  one  general 
region. 

Previous  to  Mr.  Burchard's  investigation  of  the  marbles  of  south- 
eastern Alaska  they  had  received  only  scant  attention  by  the  Geo- 
logical Survey.  A  few  of  the  marble  deposits  had  been  visited  by 
geologists,  but  the  examinations  were  only  cursory  and  incidental  to 
the  study  of  other  problems  relating  to  geology  and  mineral  re- 
sources.   Mr.  Burchard  deserves  great  credit  for  having  procured 

7 


8  PREFACE. 

in  two  short  field  seasons  so  large  an  amount  of  data  relating  to  the 
marbles  of  this  region.  He  has  been  able  to  indicate  in  a  general  way 
the  areas  containing  marble  deposits.  Detailed  information  regard- 
ing the  distribution  and  extent  of  the  deposits  will  be  possible  only 
after  complete  areal  and  structural  surveys  have  been  made.  This 
work  will  be  undertaken  as  soon  as  circumstances  permit.  Mean- 
while this  report  will  serve  a  valuable  purpose  in  presenting  a  com- 
plete statement  of  present  knowledge  concerning  this  valuable  min- 
eral resource  of  the  Territory. 


MARBLE  RESOURCES  OF  SOUTHEASTERN  ALASKA. 


By  Ernest  F.  Burchakd. 


INVESTIGATIONS. 

Studies  of  the  marbles  and  other  structural  materials  of  south- 
eastern Alaska  were  made  for  the  United  States  Geological  Survey 
by  F.  E.  and  C-  W.  Wright  in  19(>t,  1905,  and  1906,  and  the  results 
were  published  in  Survey  bulletins.^  Between  1908  and  1912  noth- 
ing was  added  to  the  reports  on  the  subject. 

In  the  autumn  of  1912  the  writer  made  an  examination  of  the 
marble  areas  on  Prince  of  Wales,  Kosciusko,  Marble,  Orr,  Tuxekan, 
Heceta,  Ham,  and  Revillagigedo  islands,  and  in  the  autumn  of  1913 
this  work  was  extended  to  deposits  on  the  mainland  bordering  Blake 
Channel,  Stephens  Passage,  and  Glacier  Bay,  on  several  islands  in 
Glacier  Bay,  and  on  Chichagof  and  Admiralty  islands.  About  nine 
weeks  in  all  was  spent  in  the  field  work  of  the  two  seasons,  which 
involved  cruising  along  about  1,500  miles  of  shore  line  in  small 
gasoline  launches.  The  results  of  the  work  completed  in  1912  ^  and 
notes  concerning  the  deposits  examined  in  1913  lying  north  of  Fred- 
erick Sound  *  were  published  in  Survey  bulletins.  The  field  seasons 
of  1915  and  1916  were  spent  by  Theodore  Chapin  in  geologic  work 
in  southeastern  Alaska,  and  he  gathered  additional  notes  concerning 
marble  deposits  on  Dall,  Long,  and  Revillagigedo  islands.  The 
more  important  of  these  deposits  have  been  described  by  Chapin.* 
Practically  all  the  available  data  on  marble  deposits  in  southeastern 
Alaska  have  been  brought  together  in  the  present  bulletin. 

The  manuscript  for  this  bulletin  was  submitted  in  October,  1916, 
but  owing  to  the  large  number  of  publications  which  were  expedited 

*  Wright,  F.  E.  and  C.  W.,  Economic  deyelopments  In  southern  Alaska :  U.  &.  Geol. 
Sarrey  BuU.  259,  p.  68,  1905;  The  Ketchikan  and  Wrangell  mining  districts,  Alaska: 
r.  S.  GeoL  Survey  Bull,  347,  pp  191-198,  1008.  Wright,  C.  W.,  Nonmetallic  deposits  of 
soatheastem  Alaska :  U.  &.  Geol.  Survey  Bull.  284,  pp.  55-57,  1906 ;  A  reconnaissance 
of  Admiralty  Island :  U.  S.  Geol.  Survey  Bull.  287,  p.  154,  1906 ;  NonmetalUferous  mineral 
resources  of  southeastern  Alaska :  U.  S.  Geol.  Survey  Bull.  314,  pp.  73-77.  1907 ;  The 
bnUding  stones  and  materials  of  southeastern  Alaska :  U.  S.  Geol.  Survey  BuU.  345, 
pp.  116-122,  1908. 

'Burcfaard,  E.  F.,  Marble  resources  of  Ketchikan  and  Wraagell  districts:  U.  S.  Geol. 
gorvey  Bull.  542,  pp.  52-77,  1913. 

'Bnrchard,  E*.  F.,  Biarhle  resources  of  Juneau,  Skagway,  and  Sitka  districts,  Alaska: 
r.  a  G«oL  Survey  Bull.  592,  pp.  95-107,  1914. 

^Cbapln*  Theodore,  Mining  developments  in  southeastern  Alaska:  U.  S.  Geol.  Survey 
Ball  642,  pp.   160-104,  1916. 
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on  account  of  the  European  war,  coupled  with  a  shortage  of 
men,  the  preparation  of  the  illustrations  for  the  printer  '•T" 
necessity  deferred  until  the  summer  of  1919.  U 

The  petrologic  character  of  the  intrusive  and  metamorphic :}  • 
associated  with  the  marble  deposits  was  determined  by  J.  B.  ii08i 
and  petrologic  studies  of  many  of  the  marbles  in  thin  sectiontf-'-->l 
made  by  T.  N.  Dale  and  G.  F.  Loughlin,  of  the  United  StateaMjl 
logical  Survey.  -^Mt 

The  Survey  herewith  expresses  its  appreciation  of  the  o^Wm 
treatment  extended  to  its  representatives  by  Mr.  F.  E.  Bronsoil  .^^^ 
lector  of  customs  at  Wrangell;  the  Vermont  Marble  Co.,  the'] 
sion  Marble  Works   (later  the  Mission- Alaska  Quarry   Co.)i 
Alaska  Marble  Co.,  the  El  Capitan  Marble  Co.,  the  Alaska-Stf<;r 
rock  Marble  Co.,  Messrs.  Woodbridge  &  Lowery,  Frank  Spalf^!:/. 
Walter  C.  Waters,  M.  D.  Ickis,  and  many  others  interested  iiK']:^ 
development  of  the  marble  resources  of  southeastern  Alaska.        ^ 

GEOGRAPHY  AND   GEOLOGY. 


iii;~'» 


By  Theodore  Chapin.  ^ 

GEOGBAPHY.  "^^ 


LOCATION  ANP  EXTENT.  ^»rv! 

The  region  popularly  known  as  southeastern  Alaska  comprises  ty 
panhandle  extending  from  Dixon  Entrance  northwestward  to  Mou  I  ^^ 
St.  Elias.    It  is  bounded  on  the  northeast  by  British  Columbia  ai  S.x 
Yukon  Territory  and  on  the  southwest  by  the  Pacific  Ocean,  fon    <^ 
ing  a  strip  400  miles  long  and  100  to  150  miles  wide,  with  a  narro^j^  ^ 
extension  on  the  northwest  100  miles  long  and  25  to  50  miles  wid,^^^ 
That  portion  concerned  in  the  present  sketch,  as  shown  on  the  indeV>^ 
map  (PI.  I),  extends  southeastward  from  Mount  Fairweather.    Is^ 
comprises  a  mainland  belt  and  a  bordering  group  of  islands  knowi  j^ 
as  Alexander  Archipelago.    The  larger  islands  forming  this  groupr^*^ 
named  in  order  from  north  to  south,  are  Admiralty,  Chichagol^ 
Baranof,  Kupreanof,  Kuiu,  Revillagigedo,  Prince  of  Wales,  and 
Dall  islands.    Other  smaller  islands  important  on  account  of  their^x 
deposits  of  marble  are  Ham,  Long,  Kosciusko,  Marble,  and  Orr  ^ 
islands.  \ 

RELIEF  AND  DRAINAGE.  ^ 


Southeastern  Alaska  is  a  very  mountainous  region,  lying  within  o^ 
the  Pacific  Mountain  system,  which  as  defined  by  Brooks  ^  includes  / 
a  broad  zone  of  ranges  parallel  to  the  southern  coast  of  Alaska.    In 
southeastern  Alaska  the  dominant  feature  of  this  province  is  the  ~- 

^ Brooks,  A.  H.,  Preliminary  report  on  the  Ketchikan  mining  district,  Alaska:  U.  S. 
Geol.  Survey  Prof.  Paper  1,  p.  14.  1002. 
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Coast  Bange,  a  rugged  mountain  mass  extending  along  the  north- 
eastern boundary  for  its  entire  length.  The  Alexander  Archipelago 
is  made  up  of  a  mountain  mass  composed  of  a  number  of  ranges  not 
sharply  differentiated  fi'om  the  Coast  Range  and  sometimes  regarded 
as  a  southeastern  extension  of  the  St.  Elias  Bange.^  The  entire  region 
gives  the  impression  of  a  high  plateau  deeply  dissected  by  erosion. 
It  is  veined  by  an  intricate  system  of  waterways;  the  islands  are 
separated  from  the  mainland  and  from  one  another  by  deep  channels 
from  which  fiords  penetrate  both  islands  and  the  mainland,  making  a 
very  sinuous  coast  line  and  numerous  inlets  and  bays. 

The  region  is  one  of  marked  relief  and  very  rugged  topography. 
The  land  rises  abruptly  and  in  many  places  precipitously  from  the 
water's  edge,  reaching  altitudes  of  several  thousand  feet  a  short 
distance  from  the  shore. 

The  four  main  rivers  of  southeastern  Alaska,  the  Alsek,  Chilcat, 
Taku,  and  Stikine,  rise  in  British  Columbia  and  flow  across  the  coast 
ranges  to  the  sea.    The  islands  are  drained  by  small  streams. 

GLACIATION. 

Southeastern  Alaska  shows  unmistakable  evidence  of  very  general 
glaciation  which  affected  all  but  the  highest  parts  of  the  region  and 
produced  a  characteristic  topography.  Among  the  many  features  of 
glacial  erosion  that  are  developed  to  a  remarkable  degree  the  most 
conspicuous  are  the  interdigitating  fiords  that  penetrate  the  entire 
region.  The  most  prominent  of  these  fiords  is  Lynn  Canal,  which 
with  its  extension,  Chatham  Strait,  forms  a  nearly  straight  channel 
for  over  220  miles.  Portland  Canal,  another  remarkable  fiord,  is 
about  100  miles  in  length.  Other  marks  of  glacial  sculpture  are  the 
cirque  basins,  hanging  valleys,  U-shaped  valleys,  polished  and  grooved 
surfaces,  and  lakes  with  rock-rimmed  basins  deepened  by  glacial 
scour.  Glacial  deposits  are  unconmion  except  in  the  vicinity  of  the 
present  glaciers,  although  erratic  boulders  occur  in  places. 

Glaciers  occur  on  the  mountain  slopes  of  the  mainland,  and  at 
least  one  small  one  has  been  observed  on  Admiralty  Island.  North 
of  Stikine  River  many  of  the  glaciers  reach  the  sea  and  discharge 
ice  into  the  fiords  and  bays. 

CLIMATE. 

The  climate  of  southeastern  Alaska  is  characterized  by  moderate 
temperature  and  abundant  precipitation.  The  winters  are  com- 
paratively mild,  and  the  ports  are  open  to  navigation  the  year  round. 
Near  sea  level  the  first  frosts  occur  about  September  or  October 

*  Brooks,  A.  H.,  The  geography  and  geology  of  Alaska :  U.  8.  GeoL  Survey  Prof.  Paper 
45.  p.  29,  1906. 
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and  the  last  in  May  or  June.  The  thermometer  seldom  falls  to  zero. 
The  snowfall  is  slight  except  on  the  mountains,  and  the  precipita- 
tion is  mostly  in  the  form  of  rain,  which  is  heaviest  during  the  fall 
and  winter  months.  The  prevailing  winds  blow  from  the  south- 
west; a  southeast  wind  is  indicative  of  storm,  and  a  northwest  wind 
usually  brings  fair  weather.  The  heavy  precipitation,  although  oc- 
casioning considerable  inconvenience  in  travel  and  prospecting,  is 
a  very  valuable  asset  in  providing  water  powfer,  which  is  being 
developed  more  fully  each  year  for  use  in  mining  and  milling. 

IIMBER  AND  \TEGETATION.* 

The  greater  part  of  southeastern  Alaska  lies  within  the  Tongass 
National  Forest,  formerly  known  as  the  Alexander  Archipelago  Na- 
tional Forest.  Because  of  the  heavy  precipitation  and  the  long- 
growing  season  the  hillsides  from  the  sea  level  up  to  the  line  of  per- 
manent snow,  from  about  2,000  to  3,000  feet  above  the  sea,  are  cov- 
ered with  vegetation.  An  estimate  of  the  relative  abundance  of  the 
conifers  of  the  forests  is  given  below : 

Per  cent. 
Western  hemlock  {Tsuga  heterophylla) .]  ' 

Black  hemlock  {Tsuga  mertensiana) j 

Sitka  spruce  (Picea  sitchensis) 25 

Western  red  cedar  {Thuya  plicata) 7 

Yellow  cedar  {Chamaecyparis  nootkaensis) 5 

Ijodgepole  or  jack  pine  {Pinus  contorta)]  ^ 

White  balsam  fir  (Abies  balsamea) J 

Hemlock  is  the  most  abundant,  and  of  the  two  varieties  noted  the 
western  hemlock  is  much  more  plentiful.  The  hemlock  is  less  sus- 
ceptible than  spruce  to  the  borings  of  the  teredo  worm,  and  for  this 
reason  and  on  account  of  its  greater  weight  it  has  been  in  much 
demand  for  piles  used  in  fish  traps  and  in  wharves  and  docks.  For 
this  purpose  it  is  well  adapted,  tapering  but  little  in  the  length  re- 
quired for  piles.  During  the  year  ending  June  30,  1915,  about 
2,250,000  linear  feet  of  hemlock  was  cut  for  piling  in  southeastern 
Alaska.  Hemlock  is  also  used  extensively  for  planking  and  is  better 
adapted  for  this  use  than  fir,  as  it  does  not  splinter  so  badly  and  lasts 
longer.  A  great  amount  of  planking  is  used  in  wharf,  road,  and 
tram  construction.  The  streets  of  most  southeastern  Alaska  towns 
are  built  of  planks  placed  upon  piling. 

For  general  purposes  spruce  has  found  the  widest  use.  It  grows 
to  fine  proportions,  reaching  200  feet  in  height  and  4  feet  in  diameter 
100  feet  above  the  butt.  Its  yield  averages  2,500  board  feet  to  the 
tree,  and  exceptional  trees  yield  20,000  feet.  On  account  of  its 
toughness  and  lightness  the  Sitka  spruce  has  recently  come  into 

^The  writer  is  Indebted  to  Mr.  W.  Q.  Welgle,  forest  sapervlsor  of  Alaska,  for  Infor- 
matioii  retrarding  the  timber  of  southeastern  Alaska. 
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great  favor  for  airplane  construction  and  is  used  in  England  and 
France,  as  well  as  in  the  United  States. 

The  red  cedar  is  used  for  shingles  and  for  boat  timber.  The 
yellow  cedar  also  is  used  in  boat  construction  and  is  suitable  for 
furniture  and  pattern  making,  but  it  is  not  easily  obtained,  as  little 
of  it  grows  below  an  altitude  of  500  feet  above  sea  level. 

Among  other  trees  common  to  this  region  may  be  noted  mountain 
ash,  Cottonwood,  quaking  aspen,  crabapple,  willow,  and  alder.  From 
sea  level  to  an  altitude  of  1,500  feet  or  so  the.  forests  contain  a  dense 
undergrowth  of  berry  bushes  and  other  shrubs  that  form  in  places 
an  impassable  barrier,  through  which  trails  must  be  cut.  The  most 
objectionable  of  these  shrubs  is  the  devil's  club,  a  luxuriant  bush 
whose  stalks  and  stems  are  thickly  covered  with  sharp,  fine* thorns. 
Salmonberries  are  the  most  abundant  and  form  impenetrable  thick- 
ets. Huckleberries  are  plentiful ;  they  include  two  varieties  of  blue 
and  one  of  red  berries.  The  region  also  contains  high-bush  cranber- 
ries and  black  currants. 

P0Pm.ATI0N   AND  SETTLEMENTS. 

The  population  of  southeastern  Alaska  is  distributed  mainly 
among  the  mining  and  fishing  centers.  Skagway,  the  northernmost 
town,  is  the  terminus  of  the  White  Pass  Railway.  Juneau,  the  Ter- 
ritorial capital,  is  the  distributing  center  of  the  north  end  of  south- 
eastern Alaska.  Four  miles  southeast  of  Juneau  is  the  new  town 
of  Thane,  and  across  Gastineau  Channel  is  the  town  of  Douglas, 
maintained  principally  by  the  operations  of  the  Treadwell  mine. 
Sitka,  on  the  west  coast  of  Baranof  Island,  is  the  home  of  the  ag- 
ricultural experiment  station  and  a  general  supply  point  It  is  of 
special  historic  interest  as  the  first  capital  of  Alaska  and  contains 
valuable  relics  of  the  early  Russian  occupation.  Wrangell  and 
Petersburg  are  supply  centers  for  the  central  part  of  the  region  and 
outfitting  stations  for  expeditions  up  Stikine  River.  The  southern 
part  of  the  region  is  served  by  Ketchikan,  the  first  port  of  entry 
in  southeastern  Alaska  and  headquarters  of  the  Forest  Service. 
There  are  also  scores  of  small  settlements  at  or  near  canneries  or 
mines,  to  which  regular  mail  and  passenger  service  is  maintained 
and  where  boat  supplies,  fuel,  food,  and  clothing  can  be  purchased. 
Gasoline  launches  and  boats  may  be  hired  at  any  of  the  larger 
towns.  Freight  rates  are  reasonable,  and  costs  compare  favorably 
with  those  at  Seattle. 

ACCESSIBILITr. 

Transportation  facilities  on  land  are  poorly  developed.  The  rug- 
ged nature  of  the  land,  with  its  many  swampy  areas  and  the  heavy 
growth  of  brush,  as  well  as  the  numerous  deep  fiords  and  channels 
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that  cut  into  or  separate  the  islands,  precludes  the  possibility  of  the 
extensive  construction  of  railroads,  or  even  of  wagon  roads,  except 
at  unwarranted  expense.  The  need  of  railroad  construction  is  in 
large  part  obviated,  however,  by  the  intricate  system  of  waterways 
which  penetrates  the  entire  region,  providing  excellent  highways 
for  deep-sea  vessels  and  numerous  deep-water  harbors  in  sheltered 
bays.  Many  marble  deposits  occur  near  tidewater  and  on  sheltered 
bays ;  at  less  favorable  localities  the  construction  of  surface  or  aerial 
trams  is  facilitated  by  a  supply  of  suitable  timber  near  by. 

OEOLOGY. 

GENERAIj  FEATURES. 

The  study  of  the  geology  of  southeastern  Alaska,  though  not  suffi- 
cient in  detail  to  admit  of  accurate  mapping,  has  established  certain 
geologic  relations  and  a  general  sequence  of  rock  types  that  is  more 
or  less  uniform  throughout  the  region.  * 

The  rocks  of  this  region  comprise  a  variety  of  both  sedimentary 
and  igneous  types  and  their  metamorphic  derivatives.  In  age  they 
range  from  early  Paleozoic  to  Recent.  The  details  of  their  struc- 
tural and  stratigraphic  relations  are  complex.  The  older  rocks  are 
closely  folded  and  for  the  most  part  are  disposed  in  zones  whose 
axes  strike  about  northwest,  approximately  parallel  to  the  trend  of 
the  Coast  Range.  This  system  of  folding,  however,  is  complicated 
by  an  older  system,  and  the  combination  of  the  two  tends  to  throw 
the  beds  into  complex  structural  relations.  The  stratigraphic  and 
structural  relations  are  further  complicated  by  overturned  folds. 
With  the  exception  of  the  more  recent  formations  most  of  the  rocks 
are  more  or  less  metamorphosed,  so  that  their  original  nature  is  in 
large  part  obscured. 

SEDIMENTARr   ROCKS. 

The  Paleozoic  rocks,  which  are  grouped  and  shown  with  one  pat- 
tern on  the  accompanying  index  map,  comprise  a  number  of  separate 
formations  that  include  a  great  variety  of  sediments.  They  may 
be  grouped  roughly  in  two  major  divisions  separated  by  a  marked 

^  The  writer  has  drawn  freely  from  the  following  pabllshed  Survey  reports  concerning 
parts  of  the  region  with  which  he  is  not  familiar: 

Brooks,  A.  H.,  Preliminary  report  on  the  Ketchikan  mining  district,  Alaska :  V.  R 
Geol.  Survey  Prof.  Paper  1,  1902;  The  geographic  and  geology  of  Alaska:  U.  S.  Geol. 
Survey  Prof.  Paper  45,  1906. 

Spencer,  A.  C,  The  Juneau  gold  belt;  Wright,  C.  W.,  A  reconnaissance  of  Admiralty 
Island,  Alaska :  U.  S.  GeoL  Survey  Bull.  287,  1906. 

Wright,  F.  E.  and  C.  W.,  The  Ketchikan  and  Wrangell  mining  districts,  Alaska :  U.  S. 
Geol.  Survey  Bull.  847,  1908. 

Knopf,  Adolph,  Geology  of  the  Berners  Bay  region,  Alaska :  U.  S.  Geol.  Snrvey  Bull. 
446,  1911;  The  Bagle  River  region,  southeastern  Alaska:  U.  S.  Geol.  Survey  Bull.  502, 
1912 ;  The  Sltka  mining  district,  Alaska :  U.  S.  Geol.  Survey  Bull.  504,  1912. 

Smith,  P,  S.,  Notes  on  the  geology  of  Gravlna  Island,  Alaska:  U.  S.  Geol.  Survey 
Prof.  Paper  96  pp.  97-105,  1915. 
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unconformity  and  differing  considerably  in  amount  of  metamor- 
phism.  The  older  of  these  divisions,  which  probably  includes  a 
number  of  formations,  is  pre-Devonian.  The  younger  division  is 
Devonian  and  Carboniferous.  The  older  Paleozoic  rocks  crop  out  at 
several  places  on  Dall,  Prince  of  Wales,  Baranof ,  Chichagof,  and 
Kuiu  islands,  and  along  Glacier  Bay  on  the  mainland.  In  the  Ketch< 
ikan  district  the  oldest  Paleozoic  rocks  may  be  divided  into  three 
conformable  terranes,  of  which  one  is  prevailingly  arenaceous,  one 
calcareous,  and  one  tuffaceous.  These  distinctions,  however,  are  only 
general,  for  limestone  beds  occur  throughout  the  series  and  thin 
sheets  of  tuflf  are  intercalated  with  all  other  members  of  the  series. 

Unconf ormably  overlying  this  lower  series  is  a  succession  of  tuf- 
faceous conglomerate  and  grits,  black  and  green  slate,  and  limestone, 
with  intercalated  lava  flows  and  breccias,  which  probably  belong  to 
the  older  Paleozoic  division.  These  older  Paleozoic  rocks  contain 
Silurian  fossils  at  a  number  of  places,  and  in  the  Ketchikan  region 
they  are  OTerlain  unconformably  by  Lower  and  Middle  Devonian 
rocks.    It  is  thus  evident  that  they  are  Silurian,  and  possibly  older. 

Overlying  the  older  Paleozoic  rocks  with  apparent  unconformity 
are  massive  conglomerates  and  arenaceous  sediments  interbedded 
with  and  overlain  by  gray  massive  limestone  of  Lower  and  Middle 
Devonian  age.  The  Upper  Devonian  rocks  consist  of  dark-colored 
limestones  and  black  cherts  associated  with  basaltic  flows  and  brec- 
cia&  The  Devonian  rocks  have  a  wide  distribution  and  have  been 
found  on  Hotspur  Island,  a  small  island  near  the  southern  point  of 
soutlieastem  Alaska,  on  Gravina  Island,  at  various  places  on  Prince 
of  Wales  Island,  and  the  small  islands  off  the  west  coast,  and  on 
Chichagof  Island. 

Carboniferous  rocks  also  are  widely  distributed  in  southeastern 
Alaska  and  include  limestones  representing  three  horizons,  one  Mis- 
sissippian  and  two  Pennsylvanian.  The  lower  Carboniferous  beds 
are  c<Mnposed  of  interbedded  limestone  and  black  chert  and  are  very 
similar  in  appearance  to  the  Upper  Devonian  beds,  which  they  ap- 
pear to  overlie  conformably.  The  upper  Carboniferous  formations 
are  gray  to  white  heavy-bedded  massive  limestone.  Presumably  still 
higher  in  the  Carboniferous  section  are  phyllites  and  greenstones 
with  beds  of  dolomitic  limestone. 

The  workable  deposits  of  marble  appear  to  be  confined  to  the 
Paleozoic  limestone  beds.  The  older  Paleozoic  limestones  are  all 
more  or  less  metamorphosed  and  in  places  are  entirely  recrystallized. 
The  Devonian  and  Carboniferous  beds  are  less  metamorphosed  and 
except  in  the  vicinity  of  intrusive  rocks  are  less  crystalline.  Some 
of  the  best  marble  deposits,  however,  occur  in  the  younger  Paleozoic 
limestones,  which  are  in  close  proximity  to  granitic  intrusives.  The 
formation  of  the  mai'ble  thus  appears  to  be  due  more  to  contact  meta- 
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morphism  than  to  regional  nietamoq>hisin,  although  in  many  places 
it  was  probably  due  to  a  combination  of  both  causes.  The  beds  that 
offer  the  greatest  possibilities  of  containing  valuable  bodies  of  marble 
are  tlie  Paleozoic  formation  in  the  vicinity  of  granitic  intrusives. 
Where  the  limestone  was  originally  pure  the  resulting  marble  is 
pure  and  white,  but  where  it  was  mixed  with  impurities  such  as 
greenstone  or  other  igneous  material  variegated  and  colored  deposits 
have  been  formed,  and  in  searching  for  either  white  or  ornamental 
marble  these  facts  should  be  borne  in  mind. 

The  Mesozoic  formations,  although  widely  distributed,  have  a 
smaller  areal  extent  than  the  Paleozoic.  They  comprise  Triassic, 
Jurassic,  and  Cretaceous  rocks.  The  relation  between  the  Paleozoic 
and  Mesozoic  is  not  well  known.  In  the  Ketchikan  region  an  un- 
conformity at  the  base  of  the  upper  Triassic  is  suggested  by  a  massive 
conglomerate  that  contains  pebbles  of  fossiliferous  Devonian  lime- 
stone, but  the  stratigraphic  relations  are  obscured  by  an  overturned 
fold  in  which  both  Triassic  and  Jurassic  formations  are  involved 
with  the  Carboniferous,  so  that  the  younger  rocks  dip  beneath  the 
older  ones.  A  similar  overturned  fold  is  suggested  by  the  relative 
position  of  Paleozoic  and  Mesozoic  rocks  at  Juneau.  The  Triassic 
and  Jurassic  rocks  comprise  conglomerate,  black  slate  and  gray  wacke, 
augite  melaphyreS)  and  tuffs,  with  intercalated  black  and  green 
slates.  Lower  Cretaceous  beds  of  conglomerate,  graywacke,  and 
slate  occur  on  Admiralty  Island,  and  similar  sediments  probably  of 
the  same  age  are  found  on  Gravina  Island.  The  Mesozoic  limestones 
are  comparatively  thin  bedded  and  as  a  rule  not  crystalline.  They 
do  not  offer  as  great  possibilities  for  producing  deposits  of  marble 
as  the  Paleozoic  limestones. 

Tertiary  sandstone,  conglomerate,  lavas,  and  tuffs  are  exposed  at 
many  places  on  Kupreanof ,  Admiralty,  and  Prince  of  Wales  islands. 
These  beds  are  of  interest  commercially,  as  some  of  the  sandstones 
are  coal  bearing.  They  rest  unconformably  on  the  eroded  edges  of 
older  rocks  and  have  suffered  comparatively  little  metamorphism. 
Fossil-bearing  beds  among  them  indicate  that  they  are  essentially 
of  Eocene  age. 

IGNEOUS  ROCKS. 

By  far  the  most  important  series  of  roi*ks  in  southeastern  Alaska 
in  point  of  size  and  in  influence  on  the  economic  deposits  is  the  as- 
semblage of  intrusive  granite,  diorite,  and  granodiorite  that  makes  up 
the  central  portion  of  the  Coast  Sange  and  occupies  a  broad  strip 
along  the  northeast  boundary  of  southeastern  Alaska  and  widely 
distributed  areas  throughout  Alexander  Archipelago.  The  genetic 
relation  of  the  granite  rocks  to  ore  deposition  in  southeastern  Alaska 
has  been  universally  recognized,  and  it  is  of  interest  to  note  also 
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the  bearing  of  these  rocks  upon  the  marble  deposits.  Ahnost  all 
these  deposits  occur  in  the  vicinity  of  intrusive  granite  rocks,  and 
it  is  believed  that  tbey  owe  their  marmarosis  to  the  influence  of  the 
intrusives.  This  relation  of  position  should  serve  as  a  valuable  guide 
to  the  prospector  in  his  search  for  marble  deposits.  The  contact 
influence  of  the  granite  intrusives  upon  other  rocks  resulted  in  the 
formation  of  schists  and  gneisses  along  the  borders  of  the  batholiths 
and  in  metamorphism  of  varying  degrees  around  the  smaller  in- 
trusive masses  distributed  throughout  the  region.  The  intrusions 
occurred,  at  least  in  part,  during  late  Jurassic  or  early  Cretaceous 
time,  but  they  may  have  extended  over  a  considerable  period.  Dike 
rocks  of  diabasic  and  felsitic  character  are  much  younger  than  the 
granitic  intrusives  and  cut  nearly  all  the  rocks  of  the  region. 

The  flows  and  associated  tuflfs  are  widely  distributed  and  occur 
in  asscx^iation  with  sedimentary  formations  of  Paleozoic  and  Meso- 
zoic  age.  These  rocks,  to  which,  because  of  their  constant  greenish 
color,  the  convenient  field  term  greenstone  is  applied,  range  in  com- 
position from  andesites  to  gabbros  and  in  degree  of  metamorphism 
from  massive  rocks  to  crinkled  schists. 

Bhyolitic  lavas  and  tuffs  are  associated  with  the  Tertiary  sedi- 
ments. The  youngest  rocks  of  the  region  are  basaltic  lavas  and  tuffs 
of  Recent  age.  They  occur  in  isolated  patches  on  the  mainland  east 
of  Behm  Canal  and  on  Revillagigedo  Island  but  find  their  best  de- 
velopment in  the  volcanic  cone  of  Mount  Edgecumbe,  on  Kruzof 
Island,  near  Sitka. 

ELEMENTARY  NOTES   ON    LIMESTONE   AND   MARBLE.i 

CliASSIFICATION. 

Limestone  belongs  to  the  class  of  rocks  known  as  sedimentary,  as 
distinguished  from  igneous  and  metamorphic  rocks.  True  marble  is 
a  metamorphic  rock.  Sedimentary  rocks  are  generally  composed  of 
the  fragments  or  materials  of  older  rocks  of  any  class  that  have 
undergone  disintegration  on  the  surface  of  the  land,  but  may  also 
include  volcanic  materials  deposited  in  water. 

Metamorphic  rocks  are  sedimentary  or  igneous  rocks  that  have, 
in  the  course  of  time,  become  greatly  changed  in  composition  and 

*Data  on  limestone  and  marble  are  given  In  modem  textbooks  on  geology  and  In  tfie 
following  special  works : 

Clarke,  F.  W.,  The  data  of  geochemistry,  3d  ed. :  U.  S.  Geol.  Sunrey  Bull.  616,  1916. 

Crosby,  W.  O.,  Common  minerals  and  rocks,  D.  C.  Heath  &  Co.,  1006. 

Dale,  T.  N.,  Commercial  marbles  of  western  Vermont:  U.  S.  Geol.  Survey  Bull.  621, 
1912. 

Kemp,  J.  F.,  Handbook  of  rocks,  5th  ed.,  D.  Van  Nostrand  Co.,  1911. 

Merrill,  O.  P.,  Stones  for  building  and  decoration,  John  Wiley  &  Sons,  1903. 

Plrs8<Hi.  L.   v..  Rocks  and  rock  minerals,   John  Wiley  &  Sons,   1909. 

Van  Hlse,  C.  R.,  A  treatise  on  metamorphism :  U.  S.  Oeol.  Surrey  Mon.  47,  1904. 
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texture.  The  chief  agents  that  bring  about  these  changes  are  pres- 
sure, heat,  and  chemical  action,  generally  at  considerable  depths 
below  the  surface  of  the  earth.  By  metamorphic  agencies  limestone 
is  transformed  into  marble.  During  the  transformation  the  original 
bedding  of  the  limestone  may  become  nearly  or  completely  obscured, 
and  the  crystalline  texture  and  folded  structure  characteristic  of 
marble  are  induced. 

GBIGIN  OF  LIMESTONE. 

The  sediments  that  now  constitute  sedimentary  rocks  were  de- 
posited under  water  in  estuaries,  seas,  and  lakes,  on  land  surfaces, 
and  in  cavities  and  crevices  in  other  rocks.  The  chief  agent  in  the 
transportation  of  rock  debris  is  water  in  motion,  including  rain 
water,  streams,  currents,  and  waves.  Considerable  debris  is  trans- 
ported by  moving  ice  in  the  form  of  glaciers  and  icebergs,  and  small 
quantities  of  very  fine,  light  material  are  carried  by  the  wind.  De- 
posits of  material  carried  as  solid  particles  are  said  to  be  mechanical. 
Deposits  formed  largely  of  the  remains  of  organisms  are  called 
organic;  such  deposits  include  some  formed  by  deposition  from 
solution.  Material  pi^cipitated  from  solution  without  the  aid  of 
organisms  forms  chemical  deposits. 

Calcium  carbonate  (CaCOg),  the  principal  compound  in  lime- 
stone, is  slightly  soluble  in  pure  water,  1  liter  of  pure  water  solution 
at  8.7®  C.  containing  0.01  gram  of  the  compound.^  In  water  charged 
with  carbon  dioxide  (COj),  forming  a  solution  of  carbonic  acid, 
calcium  carbonate  is  more  soluble  and  forms  calcium  bicarbonate. 
The  reactions  are  as  follows : 

HjO       -h  CO,         -^        HjCO, 

Water  Carbon  dioxide  Carbonic  acid 

H,CO,     +        CaCO,       —    CaH,(CO,), 

Carbonic  acid  Calcium  carbonate  Calcium  bicarbonate 

One  liter  of  water  saturated  with  carbon  dioxide  contains  at  15®  C. 
and  zero  partial  pressure  of  carbon  dioxide  0.385  gram  of  calcium 
bicarbonate.*  Under  natural  conditions  a  less  quantity  is  dissolved, 
but  it  is  believed  that  under  such  pressures  as  exist  at  considerable 
depths  below  the  surface  of  the  earth  water  will  dissolve  still  greater 
quantities.  Water  sinking  through  the  soil  meets  and  dissolves 
carbon  dioxide,  which  is  constantly  being  given  off  from  decaying 
vegetable  matter.  This  acidulated  water  then  takes  up  calcium 
carbonate  from  the  soil  and  from  the  rocks  through  which  it  per- 
colates. The  water  of  streams  is  therefore  constantly  bringing  a 
supply  of  dissolved  calcium  carbonate  to  the  ocean.     Evaporation 

^  Seidell,  Atberton,  Solubilities  of  inorganic  and  organic  subatancOB,  p.  86,  New  York, 
D,  Van  Nostrand  Co.,  1907. 
*Idem,  p.  87. 
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ncentrate  this  material  in  sea  water,  and  were  it  not  for 

'arge  quantities  of  calcium  carbonate  are  constantly  be- 

ough  the  agency  of  marine  organisms  the  sea  water 

charged  with  this  salt.    Sea  water  contains  about 

'usand,  by  weight,  of  mineral  matter  in  solution. 

^  principal  solids  are  shown  in  the  following 


Us  in  total  solids  contained  in  sea  waters 
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I  K-oiit  in  sea  water,  including  a  relatively  large 
carbon  dioxide,  and  these  tend  to  increase  the  solvent 
r  of  the  water  on  calcium  carbonate. 

There  is  no  sharp  line  of  distinction  between  chemical  and  organic 
deposits.  Organic  deposits  are  really  chemical  in  the  broader  sense, 
but  they  are  termed  organic  because  their  precipitation  is  imme- 
diately dependent  upon  living  organisms.  Subaqueous  inorganic 
chemical  deposits  are  probably  formed  mostly,  in  shallow  water  and 
include  those  due  to  the  evaporation  of  the  water  and  those  due  to 
chemical  reactions  between  solutions,  resulting  in  the  precipitation 
of  new  and  insoluble  compounds. 

Chemical  deposits  formed  in  shallow  water  are  chiefly  simple  pre- 
cipitates resulting  from  evaporation.  All  substances  in  solution  are 
necessarily  precipitated  upon  complete  evaporation  of  the  solvent, 
but  as  sea  water  is  rarely  saturated  with  its  most  abundant  salts  only 
a  few  are  precipitated  in  quantities  sufficient  to  be  of  geologic  sig- 
nificance. The  principal  deposits  formed  on  incomplete  evaporation 
that  are  of  interest  in  the  present  connection  are  calcium  carbonate 
(CaCOa,  limestone),  calcium  sulphate  (CaS04.2H,0,  gypsum), 
sodium  chloride  (NaCl,  rock  salt),  and  chlorides  and  sulphates  of 
potassium  and  magnesium. 

The  deposits  of  calcium  carbonate,  including  shells  and  coral,  have 
been  very  much  greater  than  those  of  calcium  sulphate,  because  ma- 
rine plants  and  animals  extract  calcium  carbonate  and  not  calcium 
iiulphate  from  the  sea  water  for  their  skeletons  and  shells,  although 
the  water  contains  more  than  ten  times  as  much  calcium  sulphate  as 

'  Dittmar.  William,  Challenger  Rept.,  PhyslCB  and  chemistry,  vol.  1,  pi.  2,  p.  964,  " 
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calcium  carbonate.  Calcium  sulphate  is  more  soluble  in  natural 
water  than  calcium  carbonate,  but  rivers  carry  much  more  carbonate 
than  sulphate  to  the  sea,  because  calcium  carbonate  is  much  more 
abundant  on  the  land. 

The  secretion  of  calcium  carbonate  by  organisms  does  not  depend 
on  the  quantity  of  the  carbonate  ccmtained  in  the  water;  it  may  be 
carried  on  when  the  quantity  in  solution  is  very  small.  The  prin- 
cipal deposits  of  calcium  carbonate  which  have  ultimately  formed 
limestone  have  been  made  through  the  agency  of  plants  and  animals 
and  consist  of  oolites,  shells,  skeletons,  coral,  b<mes,  and  teeth.  Some 
of  these  deposits  show  more  or  less  distinctly  the  fossil  remains  of 
the  organisms  that  played  so  important  a  part  in  their  formation,  but 
others,  on  account  of  the  fineness  to  which  the  fragments  were  broken 
by  the  waves  prior  to  their  consolidation  into  rock  masses,  show 
no  trace  of  their  organic  origin.  Although  it  is  probable  that  the 
larger  part  of  the  calcium  carbonate  deposits  in  the  open  sea  are  of 
organic  origin,  it  is  equally  probable  that  in  closed  seas,  in  which  the 
conditions  are  favorable  for  concentration,  direct  precipitation  of 
calcium  carbonate  may  take  place. 

That  the  influence  of  bacteria  upon  the  precipitation  of  calcium 
carbonate  from  solution  in  sea  water  is  of  much  importance  is  now 
recognized.  With  regard  to  the  formation  of  the  Bahaman  and 
Floridian  oolites,  Vaughan  ^  states : 

1.  Denitrifying  bacteria  are  very  active  In  the  shoal  waters  of  both  regions 
and  are  precipitating  enormous  quantities  of  calcium  carbonate,  which  is  largely 
aragonite. 

2.  This  chemically  precipitated  .calcium  carbonate  may  form  spherulites  ot 
small  balls  which  by  accretion  may  become  oolite  grains  of  the  usual  size,  or  it 
may  accumulate  around  a  variety  of  nuclei  to  build  such  grains. 

The  deduction  may  be  made  that  all  marine  oolites  originally  composed  of 
calcium  carbonate,  of  whatever  age,  may  confidently  be  attributed  to  this 
process. 

Walcott^  has  called  attention  to  the  presence  of  numerous  reefs  of 
algal  deposits  at  several  horizons  in  the  Newland  limestone  of  the 
Belt  series  in  Montana,  some  9,000  feet  below  the  base  of  the  Cam- 
brian, and  of  isolated  concretion-like  forms  scattered  at  various  levels 
in  the  overlying  Spokane  shale  of  the  Belt  Mountains.  Many  forms 
of  algal  remains  occur  in  these  deposits.  Some  of  them  are  strik- 
ingly similar  to  the  fresh-water  lake  and  stream  blue-green  algal 
deposits  of  New  York,  Pennsylvania,  and  Michigan;  others  are 

>Vanghan,  T.  W.,  Preliminary  remarks  on  the  geology  of  the  Bahamas,  with  epedal 
reference  to  the  origin  of  the  Bahaman  and  Floridian  oolites :  Carnegie  Inst.  Washington 
Papers  from  Tortogas  Laboratory,  vol.  6,  pp.  53-54,  1914. 

'  Walcott,  C.  D.,  Pre-Paleozoic  algal  deposits  (paper  delivered  before  Botanical  Society 
of  Washington,  Apr.  6,  1915 ;  abstract  in  Washington  Acad.  Bd.  Jour.,  Dec  4,  1915»  p. 
649). 
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similar  in  appearance  to  the  blue-green  and  green  algal  deposits  of 

the  thermal  waters  of  Yellowstone  Nati(»ial  Park. 

According  to  Clarke/ 

It  is  evident  that  Important  limestones  may  be  formed  in  various  ways 
wbich,  however,  are  chemically  the  same.  Calcium  carbonate,  withdrawn 
trom  fresh  or  salt  water,  is  laid  down  under  diverse  conditions,  yielding  masses 
rhich  resemble  one  another  only  in  composition.  An  oceanic  ooze  may  pro- 
duce a  soft,  flonr-like  substance,  such  as  challs,  or  a  mixture  of  carbonate  and 
sand,  or  one  of  carbonate  and  mud  or  clay.  Calcium  carbonate,  transported 
Hn  a  silt,  may  solidify  to  a  very  smooth  fine-grained  rock,  while  shells  and  coral 
yield  a  coarse  structure,  full  of  angular  fragments  and  visible  organic  remains. 
Buried  under  other  sediments,  any  of  these  rocks  may  be  still  further  modi- 
fied, the  fossils  becoming  more  or  less  obliterated,  until  in  the  extreme  case  of 
metamorphism  a  crystalline  limestone  is  formed.  All  trace  of  organic  origin 
has  then  vanished,  a  change  which  both  heat  and  pressure  have  combined  to 
bring  about,  aided  perhaps  by  the  traces  of  moisture  from  which  few  rocks  are 
free. 

CHA&ACTEB  OF  IiIMESTOKE. 

Limestone,  from  which  marble  is  derived,  includes  rocks  of  many 
and  widely  varying  types,  differing  in  origin,  color,  texture,  hard- 
ness, structure,  and  composition.  The  one  property  they  have  in 
common  is  that  of  consisting  largely  of  the  mineral  calcite  or  calcium 
carbonate  (CaCOg)  or  of  the  mineral  dolomite,  a  combination  of 
calcium  and  magnesium  carbonates  (CaCO,.MgCOs).  No  natural 
limestones  are  chemically  pure,  however,  and  few  are  nearly  so.  All 
contain  more  or  less  foreign  material,  either  chemically  combined 
or  as  admixed  minerals.  The  more  common  of  these  foreign  sub- 
stances are  magnesium  carbonate  (MgCOg),  ferrous  carbonate 
(FeCO,),  ferrous  oxide  (FeO),  ferric  oxide  (FejOg),  silica  (SiOj), 
alumina  (AlsO,),  clay,  carbonaceous  matter,  mica,  talc,  and  minerals 
of  the  pyroxene  group.  The  colors  and  stains  commonly  noted  in 
limestones  are  due  to  the  presence  of  foreign  minerals.  The  light- 
blue,  buff,  yellow,  pink,  red,  and  brown  shades  are  due  largely  to 
iron  compounds,  and  many  of  the  grays  and  blacks  are  due  to  the 
presence  of  carbonaceous  matter  derived  from  organic  remains. 
Manganese  oxides  also  act  as  coloring  agents. 

VABIETIE8  OV  LI1CE8T0NE. 

The  common  varieties  of  nonmetamorphosed  limestone  described 
below  are  often  used  as  commercial  marble.  They  may  be  distin- 
guished chiefly  by  texture. 

1.  Dense,  fine-grained  limestone.  Bock  of  this  type  generally 
takes  a  good  polish  and  if  of  suitable  color  may  be  used  as  marble. 
Many  of  the  black  marbles  are  simply  dense,  fine-grained  dark-blue 

*  ClArfce,  F.  W.,  The  data  of  geochemistry,  8d  ed. :  U.  6.  GeoL  Survey  BuU.  616,  pp. 
5«H66e,  1916. 
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limestone.  A  typical  example  is  the  black  limestone  at  Isle  La  Motte, 
Vt.,  which  is  extensively  used  for  decoration  throughout  the  United 
States. 

2.  Crystalline  limestone.  Limestone  of  this  type  generally  takes 
a  good  polish,  and  where  of  attractive  color  and  of  even  grain  is 
quarried  as  marble.  'Well-known  examples  are  the  beds  quarried  at 
Knoxville,  Tenn.,  and  Carthage,  Mo. 

3.  Travertine  and  "onyx  marble."  These  forms  of  calcium  car- 
bonate are  precipitated  by  lime-bearing  waters.  Travertine,  often 
called  calcareous  tufa,  is  massive  porous  to  compact  limestone,  found 
generally  over  the  faces  of  limestone  bluffs,  also  filling  crevices  in 
limestone  and  around  springs.  It  does  not  occur  in  many  places  in 
sufficient  quantities  and  of  the  requisite  purity  and  color  to  be  of 
service,  although  it  has  been  used  as  an  ornamental  structural  mate- 
rial, notably  in  the  floors,  stairways,  and  parts  of  the  interior  walls 
of  the  concourse  of  the  Pennsylvania  Railroad  station  in  New  York 
City,  which  are  constructed  of  a  gray  travertine  from  Italy.  "  Onyx 
marble,"  on  the  other  hand,  is  found  in  workable  quantities  in  many 
places,  such  as  caves  and  shallow  rock  basins  where  waters  have  been 
slowly  evaporated.  It  is  very  finely  crystalline ;  is  generally  banded, 
in  some  places  delicately,  in  others  brilliantly;  and  takes  a  high 
polish.  Oxidized  compounds  of  iron  and  manganese  produce  the 
bright  bands  and  colored  veins  that  are  characteristic  of  "onyx 
marble."  The  present  supply  of  "  onyx  marble  "  used  in  the  United 
States  comes  principally  from  Lower  California,  southern  California, 
and  Arizona,  where  it  has  been  deposited  from  waters  issuing  from 
hot  springs. 

Certain  varieties  of  limestone  are  best  distinguished  by  their  chem- 
ical composition.  Among  these  are  high-calcium  limestone,  magne- 
sian  limestone,  dolomite,  argillaceous  limestone,  and  siliceous  lime- 
stone, although,  of  course,  the  distinctions  between  some  of  them  are 
not  sharp  and  the  varieties  grade  insensibly  into  one  another. 

The  distinguishing  characteristic  of  high-calcium  limestone  is  its 
freedom  from  magnesium,  as  well  as  from  ingredients  regarded  as 
impurities,  such  as  silica,  alumina,  the  oxides  and  sulphides  of  iron, 
alkalies,  phosphates,  and  organic  matter.  High-calcium  limestone 
carries  from  90  to  more  than  99  per  cent  of  calcium  carbonate  and 
may  embrace  all  the  physical  varieties  of  limestone  except  cherty  rock. 

Magnesian  limestone  contains  magnesium  carbonate  in  any  quantity 
up  to  45.65  per  cent.  Most  magnesian  limestones  carry  either  a  small 
or  a  high  percentage  of  magnesium  carbonate,  although  there  are  a 
few  deposits  that  are  intermediate  in  composition.  Magnesian  lime- 
stone may  embrace  several  varieties,  texturally. 

Dolomite  is  a  mineral  composed  of  the  double  carbonate  of  calcium 
and  magnesium.   It  contains  64.35  per  cent  CaCO,  and  45.65  per  cent 
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MgCOs-^  In  practice  magnesian  limestone  containing  20  per  cent  or 
more  of  magnesium  carbonate  has  generally  been  called  dolomite, 
but  it  would  be  preferable  if  magnesian  limestone  could  be  dis- 
tinguished as  "low-magnesium"  and  "high-magnesium,"  the  term 
**  dolomite  "  being  restricted  to  rock  containing  nearly,  if  not  quite, 
the  theoretical  quantity  of  magnesium  carbonate  necessary  to  combine 
with  the  calcium  carbonate  in  the  proportions  given  above,  or  in  the 
ratio  of  1:1.19.  The  mineral  dolomite  in  places  forms  rock  masses, 
in  which  the  crystals  of  dolomite  can  be  distinguished.  In  some  rocks 
these  crystals  make  up  a  large  proportion  of  the  beds,  and  on  weather- 
ing the  rock  crumbles  to  a  sand  composed  of  dolomite  grains.  The 
texture  of  magnesian  limestone  and  dolomite  is  commonly  granular, 
and  hence  rougher  on  weathered  surfaces  than  that  of  high-calcium 
limestone.  The  rock  is  also  generally  more  permeable  than  high- 
calcium  stone. 

Magnesian  and  dolomite  marbles  occur  in  many  places  and  are 
satisfactory  as  building  and  ornamental  stone,  provided  they  are 
homogeneous  in  composition  and  texture.  Compared  with  high- 
calcium  marble  dolomite  marble  is  a  little  harder,  withstands  greater 
pressure,  and,  according  to  a  series  of  tests  made  by  Merrill  ^  to  deter- 
mine the  relative  solubility  of  certain  calcareous  rocks  used  for 
building  and  ornamental  work  and  also  the  manner  in  which  the 
solvent  acted,  appears  to  be  less  readily  affected  by  moisture  laden 
with  carbon  dioxide.  The  ultimate  aim  of  the  experiments  was  to 
ascertain  how  the  stones  would  withstand  the  effects  of  an  atmosphere 
containing  carbon  dioxide,  which  would  make  the  rain  acid.  Dolo- 
mite is  likely  to  be  more  permeable  to  moisture  than  high-calcium 
ctone,  however,  and  if  so,  would  dissolve  more  rapidly.  Marble  con- 
taining bands  of  both  high-calcium  and  high-magnesium  stone  should 
therefore  not  be  used  for  exposed  work  on  accoimt  of  its  liability  to 
differential  weathering. 

Argillaceous  limestone  contains  a  considerable  proportion  of  clay 
material,  consisting  mainly  of  silicate  of  alumina.  Clay  material 
was  probably  introduced  into  the  limestone  during  its  formation  on 
the  sea  bottom.  Limestone  of  this  character  is  not  suitable  for  build- 
ing stone,  because  it  disintegrates  too  rapidly.  It  is  used  to  a  small 
extent  in  the  manufacture  of  cement. 

Siliceous  limestone  is  a  rock  containing  fine  silica  sand  that  was 
deposited  with  calcareous  sediments  in  the  sea.  Other  varieties  of 
limestone  contain  silica  in  the  form  of  chert,  segregated  in  nodules 
and  bands  and  in  the  form  of  crystalline  quartz  that  has  been  intro- 
duced by  mineral-bearing  waters  into  the  pores  of  the  rock  and  into 

>  Dana,  B.  S.,  A  textbook  of  mineralogy,  p.  358,  New  York.  John  Wiley  &  Sons,  1900. 
*  Merrill,  Q.  P*.  Report  on  some  carbonic-acid  tests  on  the  weathering  of  marbles  and 
lifflestonea :  U.  S.  Nat  Mus.  Proc,  vol.  49.  pp.  847-^49,  1915. 
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cavities,  forming  geodes  and  veins.  Some  limestones  also  contain  a 
siliceous  cement.  '  Exceptionally,  limestone  may  contain  calcium 
silicate  in  the  form  of  woUastonite,  produced  b^  igneous  meta- 
morphism. 

DEPINITION  or  MAB3LE. 

Marble  is  a  term  applied  commercially  to  a  granular  crystalline 
limestone  or  dolomite,  and  even  to  other  rocks,  such  as  serpentine,^ 
that  are  susceptible  of  polish  and  possess  attractive  colors.  Scientifi- 
cally, marble  is  a  rock  composed  mainly  of  granular  crystalline  cal- 
cite  or  dolomite  or  of  both. 

METAMOBFHISK. 

In  the  formation  of  marble  from  limestone,  crystallization  has 
resulted  from  the  effects  of  heat  and  pressure,  usually  aided  by  the 
action  of  water.  The  calcite  or  dolomite  crystals  in  a  thin  section  of 
marble  are  generally  irregular  in  size,  shape,  and  arrangement,  and 
many  of  them  are  twinned.  Crystallization  has  probably  occurred 
below  the  surface  of  the  earth  long  before  the  rocks  were  brought 
into  their  present  position  by  crustal  elevation  and  erosion.  True 
marbles  are  therefore  found  in  regions  that  have  been  subjected  to 
metamorphic  action,  and  they  are  associated  with  other  metamorphic 
rocks,  such  as  gneiss,  schist,  quartzite,  and  slate,  and  are  usually  sit- 
uated near  areas  of  igneous  rocks,  such  as  granite  and  diorite. 
Little  chemical  change  takes  place  during  the  metamorphism  of 
pure  limestone  and  dolomite  to  marble,  but  the  rock  mass  becomes 
more  completely  crystalline.  Deposits  of  marble  occur  in  the  form 
of  lenticular  masses,  interbedded  with  other  metamorphosed  rocks, 
and  also  in  zones  along  the  contact  of  a  limestone  with  an  igneous 
rock.  If  the  original  limestone  contains  silica  and  other  impurities, 
certain  silicate  minerals  may  be  developed  in  the  marble. 

CHEMICAL  COMPOSITION. 

High-calcium  limestone  and  calcite  marble  contain  from  90  to  more 
than  99  per  cent  calcium  carbonate.  Pure  dolomite,  either  nonmeta- 
morphosed  or  metamorphosed,  consists  of  approximately  54  per  cent 
calcium  carbonate  and  46  per  cent  magnesium  carbonate,  but  in  most 
dolomites  the  percentages  are  slightly  lower  on  account  of  the  pres- 
ence in  the  rock  of  foreign  minerals  or  impurities.  Marbles  that  are 
mixtures  of  calcite  and  dolomite  may  be  of  intermediate  compositions. 
A  good  example  of  calcite  marble  is  described  on  page  68.     This 

^Dale,  T.  N.,  The  commercial  marbles  of  western  Vermont:  tJ.  S.  Oeoi.  Survey  Bull. 
621,  pp.  49-^0,  1012.  Dale  describes  among  the  commercial  marbles  of  Vermont  a 
serpentine  and  a  chrome-mica  schist.  It  is  interesting  to  note  that  some  of  the  most 
handsome  polished  samples  of  banded  and  colored  marble  produced  recently  in  Alaska 
owe  their  distinctlye  banding  to  their  schistose  character. 
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marble,  the  white  variety  from  Tokeen,  Alaska,  contained  99.51  per 
cent  of  calcium  carbonate,  and  a  dolomitic  marble  from  Admiralty 
Island,  Marble  Cove  (p.  52),  contained  61.11  per  cent  of  calcium  car- 
bonate and  39.10  per  cent  of  magnesium  carbonate.  Dale  ^  mentions 
similar  examples  from  Vermont.  A  white  marble  quarried  near 
Proctor,  Vt.,  contained  98.37  per  cent  of  calcium  carbonate  and  a 
white  dolomite  marble  quarried  at  Lee,  Mass.,  contained  55.14  per 
cent  of  calcium  carbonate  and  43.88  per  cent  of  magne^um  carbonate. 
A  piece  of  white  and  gray  veined  marble  from  Tokeen,  Alaska  (p.  69) . 
proved  to  be  megnesian,  containing  81.90  per  cent  of  calcium  car- 
bonate and  14.93  per  cent  of  magnesium  carbonate.  A  crystalline 
limestone* of  intermediate  composition  from  Tuckahoe,  N.  Y.,  is  stated 
by  Kemp  '  to  contain  70.1  per  cent  of  calcium  carbonate  and  25.40 
per  cent  of  magnesium  carbonate.  Serpentine  and  schistose  marbles 
vary  greatly  in  composition  from  the  proportions  given  above. 

Among  the  common  impurities  in  limestone  and  marble  are  vary- 
ing percentages  of  silica,  alumina,  iron  oxides  and  carbonates,  iron 
pyrites  and  marcasite  (iron  disulphide),  manganese  oxides,  gypsum, 
alkali^  and  carbonaceous  material,  including  graphite.  Clay  is  in- 
troduced into  the  limestone  beds  while  the  sediments  are  being  de- 
posited on  the  sea  bottom  and  is  most  commonly  found  along  the 
bedding  places,  but  it  is  also  disseminated  through  the  rock.  Clay 
also  results  from  the  decomposition  of  impure  limestone  and  marble 
in  the  process  of  weathering  at  the  surface,  in  joint  cracks  that  have 
been  enlarged  by  solution,  and  in  solution  channels  and  caves.  Sur- 
face clay  is  carried  down  into  cracks,  crevices,  and  irregularities  in 
the  rock  surface,  and  in  quarries  that  are  operated  on  a  large  scale  it 
is  difficult  to  separate  this  clay  cheaply  from  the  associated  rock. 
Silica  is  both  an  original  and  a  secondary  impurity  in  limestone.  In 
ordinary  hard  limestone  it  occurs  as  nodules  or  masses  of  chert  (flint) 
or  else  combined  with  alumina  as  clay  matter.  In  marble  it  is  usually 
found  combined  with  some  other  mineral,  such  as  alumina,  iron,  cal- 
cium, or  magnesium,  and  occurs,  therefore,  in  the  form  of  silicate 
minerals.  Alumina  is  commonly  present  in  combination  with  silica 
in  silicate  minerals  or  as  clay  matter.  Iron  compounds  may  have 
been  disseminated  with  the  original  sediments,  but  they  have  also  been 
brought  in  by  percolating  waters.  Chemical  action  between  the  iron 
compounds  and  the  calcium  carbonate  and  other  minerals  has  resulted 
in  the  replacement  of  particles  of  calcite  by  iron  compounds.  Sul- 
phur is  present  in  iron  disulphide  and  in  gypsum  (CaS04.2H20) ,  so 
that  it  is  not  free  under  ordinary  conditions.  The  alkalies,  soda  and 
potash,  occur  in  very  small  quantities  in  some  limestones  and  marbles 
and  in  their  clay  impurities,  probably  in  the  form  of  silicates. 

*Dale,  T.  N.,  op.  cit,  p.  18. 

a  Kemp^  J.  F.,  A  handbook  of  rocks,  2d  ed.,  p.  110,  1900 
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The  impurities  in  marble  are  present  chiefly  as  grains  of  definite 
minerals,  ranging  in  size  from  those  that  are  microscopic  to  those  that 
may  be  readily  seen  by  the  unaided  eye.  Among  the  common  mineral 
impurities  are  quartz,  hematite,  limonite,  pyrite,  marcasite,  graphite, 
chlorite,  hornblende,  pyroxene,  tourmaline,  feldspar,  biotite,  musco- 
vite,  sericite,  talc,  epidote,  tremolite,  titanite,  woUastonite,  and 
diopside. 

PHYSICAL  PBGFEBTIES. 

Valuable  qualities  possessed  by  most  marbles  are  sufficient  hard- 
ness, cohesiveness,  and  strength  for  the  purposes  to  whidi  they  are 
most  adaptable,  slight  translucence,  moderate  specific  gravity,  pleas- 
ing textures  and  colors,  and  susceptibility  to  polish.  Other  proper- 
ties that  must  be  considered  in  connection  with  the  use  of  marble  for 
certain  purposes  are  its  rift  or  grain,  solubility,  porosity,  permea- 
bility, elasticity,  expansiveness  under  heat,  flexibility,  deformation 
under  pressure,  thermal  conductivity,  and  sonorousness,  but  some 
of  these  properties  are  chiefly  of  scientific  interest. 

The  physical  properties  of  marble  have  been  described  at  some 
length  in  bulletins  by  Dale  *  and  Bowles,*  both  of  which  are  avail- 
able for  free  distribution,  and  therefore  this  subject  will  not  be 
discussed  further  here.  The  paper  by  Bowles  should  be  in  the  hands 
of  all  who  contemplate  opening  marble  quarries,  as  well  as  of  those 
who  are  now  engaged  in  quarrying  marble. 

WEATHEBINQ. 

On  the  outcrop  and  just  beneath  a  cover  of  residual  clay,  debris, 
and  soil,  limestones  and  marbles  are  generally  disintegrated,  or 
weathered,  and  stained  to  depths  depending  on  the  physical  and 
chemical  character  of  the  stone  and  on  climatic  and  atmospheric 
conditions.  Impurities  occur  in  greater  proportion  in  the  weathered 
rock  than  in  the  unweathered,  because  they  are  less  soluble  than 
calcium  carbonate. 

THE  MARBLE  DEPOSITS. 

By  E.  F.  BUBCHARD. 
GEOORAPHIG   DISTBIBTJTIOK. 

The  mineral  lands  of  southeastern  Alaska  lie  in  the  Juneau, 
Skagway,  Sitka,  Wrangell,  and  Ketchikan  mining  districts,  the  out- 
lines of  which  are  shown  on  the  index  map  (PL  I).  Deposits  of 
marble  have  been  found  in  all  these  districts.  On  some  of  them 
claims  have  been  filed  and  prospecting  has  been  done,  according  to 
regulations,  and  on  some  sufficient  development  work  has  been  done 

*  Dale,  T.  N.,  The  commercial  marbles  of  western  Vermont :  U.  S.  Geol.  Survey  Bull. 
521,  170  pp.,  1912. 

'  Bowles.  Oliver,  The  technology  of  marble  quarrying :  Bur.  Mines  Bull.  106,  174  pp., 
1016. 
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BULLETIN  682     PLATE  II 


•  Deposit  of  marble  dncribtd  mma  Area  of  martia  or  of  crystalline  timestone 

MAP  SHOWING  MAABLE  DEPOSITS  EXAMINED  ON  CHICHAGOF  AND  ADMIRALTY  ISLANDS. 

From  Coast  and  Geodetic  Survey  chart  No.  8306. 
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to  warrant  the  issue  of  patents;  but  on  some  of  the  deposits  de- 
scribed herein  no  claims  have  yet  been  filed,  and  on  others  little  or 
nothing  has  been  done  besides  filing  claims.  In  the  Juneau  district 
deposits  of  marble  have  been  noted  on  the  mainland  and  on  Ad- 
miralty Island;  in  the  Skagway  district  marble  occurs  on  the 
mainland  on  the  east  side  of  Glacier  Bay  and  on  several  small  islands 
in  the  bay ;  in  the  Sitka  district  marble  forms  some  of  the  shore  line 
of  the  southeastern  part  of  Chichagof  Island ;  in  the  Wrangell  dis- 
trict the  marble  occurs  chiefly  on  the  mainland  east  of  Wrangell 
Island,  but  a  little  has  been  noted  on  Kupreanof  Island;  in  the 
Ketchikan  district  marble  is  widespread  and  abundant,  having  been 
found  in  both  the  northern  and  southern  parts  of  Prince  of  Wales 
Island  and  on  Kosciusko,  Marble,  Orr,  Heceta,  Dall,  Long,  and 
Revillagigedo  islands.  The  relations  of  all  these  localities  are 
shown  on  the  index  map  (PL  I)  and  PUtes  II  to  V  and  figures  1 
and  4  show  on  a  larger  scale  the  geography  of  the  several  marble- 
bearing  localities.  Such  geologic  maps  of  this  region  as  have  been 
published  are  mainly  of  a  reconnaissance  nature  and  are  included 
in  Survey  Bulletins  287  and  347.  The  maps  showing  the  geography 
of  the  region  in  greatest  detail  are  the  charts  issued  by  the  Coast 
and  Geodetic  Survey,  Department  of  Commerce,  and  these  maps 
served  as  bases  for  Plates  II  to  V  and  figures  1  and  4.  The  princi- 
pal Coast  and  Greodetic  Survey  charts  covering  the  areas  containing 
the  marble  deposits  of  southeastern  Alaska  are  as  follows : 

8100.  ReviUagigedo  Island  and  southeastern  part  of  Prince  of  Wales  Island. 

8150.  Western  part  of  Prince  of  W^ales  Island,  Kosciusko,  Marble,  Orr, 
Heceta.  Dall,  and  Long  islands. 

8200.  Northern  part  of  Prince  of  Wales  Island,  Kupreanof  Island,  Wrangell 
Island,  and  mainland  to  the  east. 

8250.  Elastern  part  of  Chichagof  Island  and  western  part  of  Admiralty  Island. 

8900.  Mainland  on  Stephens  Passage. 

8306.  Glacier  Bay. 

These  charts,  with  the  exception  of  No.  8306,  which  is  on  a  scale  of 
1:160,000,  or  about  0.39  inch  to  1  statute  mile,  are  on  a  scale  of 
1 :  200,000,  or  approximately  0.32  inch  to  the  statute  mile. 

TOPOGBAFHIC  BELATIONS. 

The  mainland  and  islands  of  southeastern  Alaska  are  generally 
mountainous,  and  there  is  little  level  land  either  as  upland  area  or 
along  the  shores.  (See  Pis.  I-V  and  figs.  1  and  4.)  Along  much  of 
the  coast  line  the  hills  and  mountains  rise  abruptly  and  the  dense 
forest  growth,  extending  down  to  the  level  of  high  tide,  overhangs 
the  steep  banks.  The  islands  are  separated  by  an  intricate  system  of 
waterways  and  fiords,  known  locally  as  straits,  canals,  channels,  pas- 
sages, sounds,  narrows,  inlets,  bays,  coves,  and  arms,  some  of  which 
reach  far  inland.    Many  of  these  waterways  are  very  deep  and  can 


28  MARBLE  RESOURCES  OF  SOUTHEASTERN  ALASKA. 

be  safely  navigated  by  the  largest  ocean  steamers,  but  some  are  so 
shallow  as  to  be  navigable  only  at  high  tide  by  boats  of  moderate 
draft.  The  coast  and  entrances  to  harbors  are  rocky,  and  in  places 
the  greatest  care  is  necessary  in  navigation  in  order  to  avoid  rocks 
that  are  barely  submerged.  The  topography  is  so  rough  that  only  in 
favored  localities  or  at  great  expense  can  wagon  or  tram  roads  be 
constructed.  The  waterways  are  therefore  of  great  value  in  afford- 
ing routes  of  conmiunication  between  different  portions  of  the  region 
and  between  this  region  and  the  Pacific  coast  ports  of  the  United 
States.  Indeed,  were  it  not  for  water  transportation  the  mining  and 
quarrying  industries  in  southeastern  Alaska  could  scarcely  have  been 
developed. 

Some  of  the  deposits  of  marble  are  situated  on  the  shores  of  shel- 
tered  bays  that  are  deep  enough  to  afford  anchorage  or  wharfage  for 
ocean-going  freight  vessels.  Others,  however,  are  on  rocky,  exposed 
portions  of  the  coast,  and  still  others  are  a  mile  or  more  from  the 
shore  and  at  considerable  altitudes.  Naturally  the  deposits  most 
convenient  of  access  will  be  developed  first.  Freight  rates  have  been 
much  reduced  in  the  last  few  years  through  competition  and  are 
reported  at  present  to  be  moderate. 

The  rock  surface  is  in  general  thickly  overgrown  with  small  to 
medium-sized  timber  and  dense  underbrush  and  has  a  soil  cover  of 
decayed  wood,  moss,  and  mold,  from  a  few  inches  to  3  or  4  feet 
thick  as  a  rule,  but  thicker  in  hollows  and  crevices  in  the  rock.  The 
timber  consists  of  hemlock,  spruce,  and  cedar,  which  have  in  few 
places  a  maximum  diameter  of  more  than  4  feet.  At  the  north,  in 
the  vicinity  of  Glacier  Bay,  the  timber  is  much  smaller,  but  the 
underbrush  is  dense. 

The  following  paragraph,  by  Wright,^  on  the  growth  of  vegetation 
is  of  interest  here : 

The  luxuriant  growth  of  vegetation  along  the  coast  of  southeastern  Alaska 
may  well  be  compared  with  that  of  a  tropical  region.  This  is  caused  by  the 
moist  and  temperate  climate  and  the  long  summer  days  at  this  high  altitude. 
At  elevations  below  1,500  feet  bushes,  ferns,  and  tall  grasses  grow  profusely, 
especially  in  the  valleys  and  gulches.  These  form  in  places  a  dense  and  abnost 
impassable  undergrowth  and  are  a  great  hindrance  to  the  prospector.  Among 
the  most  common  of  these  shrubs  are  the  thorny  devil's  club,  the  salmonbeny, 
the  elderberry,  the  huckleberry,  the  high-bush  cranberry,  various  wiUows,  the 
black  alder,  and  the  white  alder,  the  latter  forming  thickets  along  the  streams 
and  mud  flata 

GEOLOGIC  BELATIONS. 

Most  of  the  marble  beds  in  southeastern  Alaska  appear  to  be 
portions  of  extensive  belts  of  limestone  that  have  been  metamor- 
phosed by  an  intrusive  mass  of  granodiorite  at  or  near  the  contact, 

>  Wright.  F.  E.  and  C.  W..  Tbe  Ketchikan  and  Wrangell  mining  districts,  Alaska :  U.  S. 
Geol.  Sanrey  Ball.  347,  p.  31,  1908. 


XJ.  9.  OEOI.OOICAL  fltTRVEY 


BULLETIN  682     PLATB  ni 


•  IMpoglto(4MrMttdMcrib«d       mum  Area  of  mtrtto  graf  pymWiw  I 
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From  Coast  and  Geodetic  Survey  ohails  Noa.  8200  and  8150. 
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or  by  the  general  metamorphism  of  the  region,  or  by  a  combination 
of  the  two  agencies.  The  relations  of  the  belts  of  sedimentary  and 
intrusive  rocks  are  shown  in  Plate  I.  Both  the  limestone  and  the 
marble  are  cut  in  many  places  by  thin  dikes,  principally  of  basalt, 
andesite,  dacite,  and  diabase,  all  more  or  less  altered  and  containing 
secondary  calcite,  and  in  places  the  marble  beds  are  interstratified 
with  graywackes,  schists,  and  lavas.  Both  the  limestone  and  the 
marble  beds  are  generally  much  fractured  and  jointed,  the  marble 
in  places  showing  joints  that  are  open  to  considerable  depths.  The 
limestone  beds  associated  with  the  marble  deposits  are  of  Paleozoic 
age  and  at  a  few  places,  notably  in  and  near  the  northern  part  of 
Prince  of  Wales  Island,  have  yielded  fossils  that  are  regarded  as 
Silurian. 

TYPES  OF  MABBLE  AVAILABLE. 

Many  types  of  marble  are  available  in  southeastern  Alaska.  Prob- 
ably the  most  common  and  the  one  which  thus  far  has  been  exploited 
commercially  on  the  largest  scale  is  a  fine  to  medium  grained  crystal- 
line white  to  bluish-gray  marble  with  gray  to  dark-bluish  veins, 
bands,  and  clouded  areas.  Other  crystalline  and  schistose  marbles 
that  give  promise  of  being  developed  successfully  show  handsome, 
contrasting  "  verde  antique  "  effects  and  other  striking  combinations 
of  color,  such  as  green  and  pink,  black  and  white,  and  white  and 
yellow.  The  green  color  appears  to  be  due  to  chloritic  material  and 
possibly  to  epidote,  the  bluish  and  black  veins  possibly  to  graphite, 
and  the  pink  and  yellow  shades  to  iron  oxide.  Certain  marble  de- 
posits give  promise  of  affording  statuary  material.  Some  dense  non- 
crystalline limestones  have  attractive  colors  of  pink  and  chocolate 
mottled,  gray,  blue,  and  black,  and  are  susceptible  of  receiving  a  high 
polish. 

The  tabular  classification  or  index  of  the  principal  varieties  of 
marble  in  southeastern  Alaska  according  to  color  given  on  pages 
31-39  has  been  prepared  to  furnish  the  reader  a  condensed  and  sys- 
tematic description  of  the  marbles  available  and  to  enable  him  to 
find  quickly  the  detailed  description  of  any  marble  together  with 
the  notes  concerning  the  locality  in  which  it  occurs. 

In  this  classification  the  following  varieties  of  marble  are  dis- 
tinguished: 

White;  nearly  white;  cream-colored;  white  with  gray  veins  (In  part  banded) ; 
white  with  dark-gray  to  black  veins  or  bands ;  white  with  bine  veins  or  bands ; 
white  with  yellow  veins  or  clouds;  gray  (in  part  veined  and  banded)  ;  bluish 
jTay  (some  banded  with  white);  pearl-gray;  light  blue;  black  (blue-black); 
sreen  and  banded  with  green;  pink  (also  pink  and  white) ;  yellow;  mottled, 
chiefly  red  and  white,  red  and  gray,  brown  and  white ;  variegated  colors ;  schls- 
U)9e  (varicolored  bands). 
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The  terms  "  fine,"  "  medium,"  and  "  coarse,"  describing  the  grain 
or  grade  of  texture  of  the  marbles,  are  here  used  according  to  a 
definite  scale  of  average  grain  diameters.  A  marble  is  described  as 
having  a  fine  grain  if  its  average  grain  diameter  is  0.10  millimeter 
or  less.  A  marble  whose  grain  is  just  visible  to  the  average  unaided 
eye  or  is  still  finer  would  thus  fall  within  the  fine  grade.  A  medium 
grain  is  one  that  averages  from  0.11  to  and  including  0.50  millimeter, 
and  a  coarse  grain  is  one  that  averages  larger  than  0.50  millimeter. 
A  classification  of  Vermont  marbles  into  six  grades  of  texture  was 
devised  by  Dale^  but  was  found  to  be  not  adaptable  to  the  wide 
range  in  texture  displayed  by  Alaska  marbles.  The  relation  between 
the  present  classification  and  the  Vermont  marble  classification  is 
shown  in  the  following  outline : 

Relation  between  grades  of  texture  of  Alaskan  and  Vermont  marbles. 


Name. 

Alaska  grade. 
(Average  grain  diameter  in 
hundredths  of  a  millimeter. ) 

Vermont  grade. 

Fine 

lOorleR-^ 

01.  Finer  than  "extra  llTifi  " 
1.  Extra  fine. 

Medium 

11  to  50 

2.  Very  fine. 

3.  Fine. 

4.  MfldiiiTn 

Coarse 

51  or  more 

5.  Coarse. 

6.  Extra  coarse. 

7.  Do. 

8.         Do. 

The  classification  in  detail  is  set  forth  on  the  following  pages. 


^  Dale,  T.  N.,  The  commercial  marbles  of  western  Vermont :  U.  S.  Geol.  Saryey  BulL 
621,  p.  54,  1912. 
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THB  DEPOSITS.^ 
MAINLAND  AT  LEMXSTONE  INLET. 

The  deposits  of  marble  in  the  vicinity  of  Limestone  Inlet  are  on 
the  mainland  about  26  miles  south-southeast  of  Juneau  and  2^  miles 
inland  from  the  mouth  of  the  inlet,  or  1  to  H  niiles  from  deep  water 
(No.  1).  Outcrops  on  the  north  bank  of  Limestone  Creek  consist  of 
medium-grained  grayish- white  marble,  banded  in  places  with  dark- 
gray  streaks  and  veins  of  white  calcite  of  coarser  texture.  Portions 
of  the  beds  have  a  grayish-green  color,  possibly  due  to  surface  stains. 
Some  parts  of  the  mass  are  schistose  and  carry  hornblende,  mica, 
pyrite,  and  thin  seams  of  quartz.  The  gray  and  green  varieties  are 
both  susceptible  of  a  fair  polish.  The  surface  of  the  marble  is  cut 
by  two  or  more  sets  of  joints  into  blocks  from  a  few  inches  to  3  feet 
thick.  The  strike  of  the  rocks  is  apparently  between  N.  25^  W.  and 
N.  30°  W.,  and  the  dip  is  steep  toward  the  northeast. 

Two  samples  of  marble  from  Limestone  Inlet  were  examined  micro- 
scopically by  T.  N.  Dale.  A  specimen  of  the  grayish-white  variety 
showed  a  grain  diameter  of  0.037  to  1.28  millimeters,  mostly  0.185  to 
0.74  millimeter,  with  an  estimated  average  of  0.277  millimeter.  By 
use  of  the  Rosiwal  method  the  average  diameter  of  the  grains  was 
found  to  be  0.0103  inch,  or  0.262  millimeter.  The  grade  is  therefore 
medium ;  but,  compared  with  Vermont  marbles,  according  to  Dale^s 
classification,  this  marble  would  fall  into  grade  5  (coarse).  The 
texture  is  uneven,  and  some  pyrite  was  noted. 

A  specimen  of  the  greenish  variety  showed  a  grain  diameter  of 
0.074  to  0.926  millimeter,  mostly  0.185  to  0.555  millimeter,  with  an 
estimated  aven^ge  of  0.216  millimeter.  The  Rosiwal  measurement 
gave  an  average  of  0.007  inch,  or  0.1778  millimeter,  thus  indicating 
a  medium  texture.  The  grain  form  appears  a  little  uneven.  Very 
little  pyrite  is  present  in  the  section,  and  quartz  is  rare,  in  minute 
particles. 

Associated  with  the  schistose  marble  are  beds  of  hornblende  mica 
schist  A  thin  section  examined  by  J.  B.  Mertie  showed  quartz, 
sericite,  hornblende,  chlorite,  epidote  (derived  in  large  part  from 
hornblende) ,  and  sulphides. 

Two  groups  of  marble  claims  have  been  located  on  this  deposit, 
and  two  small  prospect  openings  about  200  feet  apart  have  been 
made  near  the  creek  bank.  Between  these  two  openings  several 
natural  exposures  in  the  bank  of  the  creek  indicate  the  presence  of 
schistose  marble. 

Most  of  the  marble  deposit  is  covered  by  forest  growth,  and  little 
could  be  ascertained  as  to  its  extent  or  structure  beyond  the  indica- 

^  Id  the  descriptions  of  deposits  the  numbers  in  parentheses  refer  to  corresponding 
numbers  on  the  index  map  (PL  I)  and  on  other  maps  (Pis.  II  to  V,  fig&  1  and  4). 
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tions  afforded  by  the  few  exposures.  In  order  to  develop  this  deposit 
a  tramway  must  be  built  from  the  property  down  the  creek  to  deep 
water  in  Limestone  Inlet,  a  distance  of  about  1^  miles.  The  con- 
struction of  the  tramway  would  involve  the  cutting  away  of  some 
rocky  points  and  the  building  of  half  a  mile  or  more  of  trestle. 

MAINLAND  AND  ISLANDS,  GLACIEB  BAT. 

Limestone  and  marble  deposits  crop  out  on  the  mainland  on  the 
east  shore  of  Glacier  Bay  in  the  vicinity  of  Sandy  Cove.  Along 
the  north  shore  of  Sandy  Cove  (No.  2)  marble  is  exposed  for  600 
feet  or  more,  and  the  deposit  extends  back  into  a  low  ridge  50  to 
75  feet  above  the  water.  This  marble  is  hard,  of  a  light-grayish 
color,  and  generally  of  medium  grain,  but  contains  many  small 
bodies  of  caldte  of  varying  size.  Nearly  obliterated  traces  of  fossil 
brachiopods  were  noted  in  it.  The  marble  is  brecciated  in  places 
and  has  been  disturbed  by  the  intrusion  of  dikes.  Some  of  the 
brecciated  portions  contain  magnesium  carbonate.  The  beds  here 
are  3  feet  or  more  in  thickness,  strike  northward,  and  dip  about 
40°  W.  Where  exposed  the  material  is  so  much  jointed  and  fractured 
that  Uttle  stone  of  commercial  size  is  obtainable. 

On  the  east  shore  of  the  cove  next  south  of  Sandy  Cove  (No.  3) 
are  beds  of  variegated  marble  and  partly  metamorphosed  limestone. 
The  colors  include  gray  with  bluish  veins,  cream-colored  with  yel- 
low veins,  reddish,  mottled  chocolate-colored  and  pink,  and 
mottled  grayish-green  and  drab.  The  rock  is  fine  grained,  hard, 
and  brittle  and  takes  a  good  polish.  It  is  generally  much  fractured 
at  the  surface,  especially  the  gray  limestone.  Traces  of  stylolites 
or  suture  joints  were  observed  in  the  gray  marble.  The  beds  strike 
about  S.  50®  E.  and  dip  steeply  toward  the  northeast.  This  belt  of 
rocks  is  about  500  feet  thick  and  extends  an  indefinite  distance  south- 
eastward into  the  mountains.  The  bedding  is  variable,  but  for  the 
most  part  the  rock  is  fairly  massive.  Dikes  of  diabase  cut  the  beds 
in  east  and  northeast  directions,  and  the  jointing  runs  generally  in 
the  same  directions.  The  ridge  which  the  marble  forms  is  about 
50  feet  high  at  its  northwest  end,  where  a  low  cliff  has  been  cut  by 
the  stream  that  flows  into  the  cove,  but  toward  the  southeast  the 
ridge  rises  to  500  feet  or  more  in  height  within  a  quarter  of  a  mile. 
(See  fig.  1.) 

A  thin  section  of  the  mottled  marble  was  examined  by  T.  N.  Dale 
and  6.  F.  Loughlin.  It  consists  of  finely  granular  faintly  pink- 
ish rock  and  coarse  transparent  rock  in  irregular  alternations  and 
inclusions.  The  granular  part  consists  of  untwinned  but  polarizing 
grains  of  calcite  and  contains  throughout  faintly  reddish  specks  of 
dnsty  hematite.    The  grain  diameter  ranges  from  0.02  to  0.047  milli- 
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FioDRB  1. — Map  showing  marble  deposits  examined  on  mainland  and  Islands  In  Glacier 

Bay.    Prom  ConBt  and  Goodotic  Survoy  chart  8.306. 


GLACIER  BAY.  48 

meter,  with  an  estimated  average  of  0.024  millimeter.  The  trans- 
parent parts  consist  of  twinned  calcite,  of  a  gram  diameter  of  0.047 
to  0.4  millimeter,  with  an  estimated  average  of  0.725  millimeter.  The 
texture  is  therefore  fine. 

A  chemical  analysis  by  R.  K.  Bailey  shows  that  the  rock  consists 
largely  of  calcite  with  a  little  clay  material  indicated  by  the  insoluble 
residue: 

Analysis  of  mottled  marble  from  deposit  south  of  Sandy  Cove. 

Insoluble 2.56 

Galdnm  carbonate 96.16 

Magnesium  carbonate .89 

Three  claims,  aggregating  3,960  feet  in  length,  were  at  one  time 
located  on  the  strike  of  these  beds,  although  little  assessment  work 
appeared  to  have  been  done  up  to  the  time  of  the  writer's  visit.  The 
really  desirable  and  commercially  valuable  stone  is  probably  scarce, 
and  much  prospecting  will  be  necessary  in  order  to  establish  its  true 
extent  and  value. 

The  bold  cliffs  on  both  sides  of  the  entrance  to  the  cove  next  south 
of  Sandy  Cove  and  also  extending  southward  from  it  (No.  4)  are 
composed  principally  of  fine-grained  hard,  brittle,  much  fractured 
jrray  limestone,  cut  by  many  diabase  dikes  generally  2  to  10  feet 
thick.  Along  the  contacts  between  the  limestone  and  the  larger  dikes 
the  limestone  has  been  locally  metamorphosed  to  white  crystalline 
marble,  but  not  much  marble  of  this  sort  is  available. 

In  the  float  near  the  mouths  of  the  two  creeks  that  flow  into  this 
cove,  which  drain  mountain  glaciers,  there  are  many  boulders  of 
good  white  and  veined  marble,  and  in  the  canyon  of  the  northern  of 
the  two  creeks,  at  about  a  mile  from  the  mouth  of  the  creek  (No.  5) , 
an  outcrop  of  fine-grained  grayish-green,  partly  metamorphosed  lime- 
stone 10  to  12  feet  thick  was  observed. 

Two  islands  in  Glacier  Bay,  North  Marble  Island  and  South 
Marble  Island,  are  composed  wholly  of  marble,  and  others,  such  as 
Willoughby  and  Sturgess  islands,  show  areas  of  limestone  and  mar- 
ble. The  two  Marble  islands  lie  about  12^  miles  south  of  the  en- 
trance to  Muir  Inlet  and  are  about  1^  miles  apart.  According  to 
Coast  and  Geodetic  Survey  chart  8306  North  Marble  Island  (No. 
6)  is  about  half  a  mile  in  length  from  north  to  south  and  less  than 
a  third  of  a  mile  in  greatest  width.  The  highest  point  is  probably 
about  300  feet  above  the  sea.  The  marble  exposed  in  this  island  is 
Yellowish  to  grayish  and  is  stained  along  fracture  planes.  The  rock 
is  medium  in  grain  and  on  weathered  surfaces  is  generally  soft  and 
friable.  Some  portions  of  the  rock  are  cherty;  other  portions  are 
brecciated.     According  to  T.  N.  Dale  the  grain  diameter  ranges  from 
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0.05  to  1.05  millimeterB  but  is  mostly  from  0.25  to  0.75  millimeter. 
The  estimated  average  is  0.216  millimeter.  The  Rosiwal  measure- 
ment gives  an  average  of  0.00977  (about  0.01  inch,  or  0.248  milli- 
meter).   The  Vermont  grade  is  5  (coarse)  and  the  texture  is  even. 

Thin  dikes  of  a  dark  fine-grained  volcanic  rock  which  appears  to 
be  altered  spessartite  cut  the  marble  beds.  The  strike  of  the  beds 
is  nearly  north.  The  rock  has  been  jointed  and  in  places  shows  small 
folds.  The  island  has  been  glaciated,  but  weathering  has  been  active 
and  has  produced  through  solution  of  material  along  joint  planes 
and  rounding  of  intermediate  portions  a  bouldery  appearance  over 
much  of  the  rock  surface.  Most  of  the  rock  is  bare,  but  in  crevices 
there  is  a  thin  cover  consisting  of  mossy  soil  and  vegetation,  and 
hoUows  where  loose  material  can  find  lodgment  contain  small  quan- 
tities of  glacial  clay,  gravel,  and  boulders.  The  island  is  surrounded 
by  fairly  deep  water,  but  the  shores  are  abrupt  and  afford  no  harbor. 

South  Marble  Island  (No.  7)  is  similar  in  character  to  North 
Marble  Island  but  is  a  trifie  longer,  being  about  three-fifths  of  a 
mile  in  length.  (See  fig.  1.)  The  maximum  width  is  less  than  half 
the  length,  and  at  one  place  the  island  is  nearly  cut  in  two  at  high 
tide.  The  maximum  height  probably  does  not  exceed  250  feet.  The 
marble  here  is  mostly  medium-grained  white  stone,  although  there 
is  a  little  veined  with  gray  and  a  little  that  is  brecciated.  A  few 
small  inclusions  of  fine-grained  nonmetamorphosed  limestone  were 
noted.  A  thin  section  examined  by  T.  N.  Dale  showed  a  range  in 
grain  diameter  of  0.025  to  0.75  millimeter,  mostly  from  0.125  to  0.5 
millimeter,  with  an  estimated  average  of  0.146  millimeter.  Accord- 
ing to  the  Rosiwal  method  the  grain  diameter  averages  0.0077  inch, 
or  0.196  millimeter.  The  texture  is  even,  and  very  little  pyrite  was 
noted.  The  marble  takes  a  good  polish.  The  rock  is  cut  by  a  few 
dikes  of  diabase  ranging  from  less  than  1  foot  to  3  or  4  feet  in  thick- 
ness. The  general  strike  is  north.  Joints  cut  the  rock  in  several 
directions  and  are  so  numerous  as  probably  to  interfere  with  quarry- 
ing the  marble  at  the  surface.  It  is  possible,  however,  that  all  of 
them  may  not  extend  to  great  depths.  Part  of  the  surface  is  bare 
and  part  is  covered  to  a  depth  of  a  few  inches  to  3  feet  with  glacial 
debris  supporting  a  growth  of  mossy  turf  and  shrubs.  There  is  some 
shoal  water  in  the  vicinity  of  South  Marble  Island. 

Willoughby  Island  (No.  8)  is  in  the  western  part  of  Glacier  Bay, 
about  18  miles  north  of  Icy  Strait.  It  is  about  4^  miles  in  length  and 
2  miles  in  width  and  reaches  a  height  of  nearly  1,600  feet.  The 
south  half  of  the  island  is  composed  mostly  of  gray  limestone,  At 
about  the  middle  of  the  east  side  a  small  area  of  marble  projects  into 
the  bay.  This  marble  is  medium  grained,  of  cream  and  light-gray 
colors,  and  brecciated  in  places.  Some  patches  of  chert  show  on 
weathered  surfaces.    Mr.  Dale  finds  that  the  grain  diameter  ranges 
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from  0.112  to  2.8  miilimeters,  mostly  0.56  to  1.68  millimeters.  The 
estimated  average  diameter  is  0.56  millimeter.  By  the  Kosiwal 
method  the  average  grain  diameter  is  0.0181  inch,  or  about  0.46  milli- 
meter.   The  grain  form  is  uneven. 

The  marble  is  cut  by  dikes  of  greenish-gray  micaceous,  pyritif  erous 
rock,  probably  dacite,  and  is  jointed.  In  some  places  the  joints  are 
closely  spaced,  but  in  others  there  are  masses  of  marble  that  show  no 
jomts  for  20  to  30  feet  The  gray  brittle  limestone  south  of  the 
marble  outcrop  is  closely  fractured  and  jointed.  The  exposed  marble 
extends  for  about  500  feet  along  the  shore  and  rises  to  a  height  of 
00  to  70  feet  above  the  water.  Near  the  shore  the  surface  of  the 
marble  shows  glacial  grooves,  and  striae.  Back  of  the  wave-washed 
exposure  there  is  a  growth  of  shrubs  and  small  trees. 

CHIGHAGOF  ISLAND. 

The  eastern  shore  of  Chichagof  Island  from  Peril  Strait  north- 
ward to  Icy  Strait  is  composed  largely  of  Paleozoic  roclcs,  includ- 
ing limestone,  sandstone,  phyllite,  schists,  and  greenstone  lavas  and 
tuffs.  Between  Peril  Strait  and  Point  Augusta  there  is  considerable 
limestone  and  some  marble.  The  most  promising  deposits  were  noted 
in  Tenakee  Inlet  and  in  Basket  Bay  and  vicinity. 

TZVAXZE  IVLET. 

In  the  north  side  of  Tenakee  Inlet,  from  1  to  2  miles  east  of  Tena- 
kee post  office,  marble  is  exposed  at  several  places,  in  some  of  which 
it  forms  low  bluffs  30  to  50  feet  above  the  beach.  On  the  banks  of  the 
large  creek  that  flows  into  the  inlet  about  a  mile  east  of  the  village 
(No.  9),  from  a  quarter  to  half  a  mile  above  the  mouth  of  the  creek, 
the  marble  forms  low  steep  bluffs.  Here  it  is  coarse  grained  and 
much  fractured,  and  some  of  it  is  schistose.  The  color  is  mostly 
nearly  white,  but  some  of  the  rock,  especially  the  schistose  parts,  is 
white  and  green.  This  deposit  was  at  one  time  located  as  a  marble 
claim  by  persons  sojourning  at  the  Tenakee  hot  springs.  On  the 
beach,  about  1^  to  2  miles  east  of  Tenakee  post  office  (No.  10),  the 
marble  exposed  is  brittle  and  hard  and  ranges  from  white  to  gray 
in  color,  some  being  gray  and  white  banded,  and  there  is  also  a  little 
that  shows  mottlings  of  green  and  pink.  It  is  generally  of  medium 
grain,  but  some,  particularly  the  mottled  stone,  is  fine  grained. 
Specks  of  pyrite  are  present  in  places. 

Mr.  Dale  examined  microscopically  two  thin  sections  of  the  fine- 
grained marble  from  this  area.  One  section,  cut  from  a  pale  yellow- 
ish-white specimen,  showed  a  grain  diameter  of  0.02  to  0.14  milli- 
meter, mostly  0.03  to  0.094  millimeter,  and  the  estimated  average 
is  0.04  milliineten    The  Eosiwal  measurement  showed  an  average 
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grain  diameter  of  0.0014  inch,  or  0.0355  millimeter.  This  specimen 
is  of  even  texture,  but  it  contains  streaks  of  pyrite  in  fine  spherules 
and  particles,  roundish  grains  of  feldspar  and  quartz  reaching  a 
diameter  of  0.125  millimeter,  and  chlorite.  The  other  specimen, 
which  is  white  marble  with  faint  yellowish  bands,  showed  an  ab- 
normal texture,  appearing  to  be  a  brecciated  calcite  marble  with 
calcitic  cement  and  to  have  l^een  subjected  to  secondary  com- 
pression. (See  PL  YI,  A.)  The  groundmass  of  this  specimen 
showed  a  grain  diameter  ranging  from  0.0878  to  0.26  millimeter, 
mostly  0.047  to  0.14  millimeter,  with  an  estimated  average  of  0.073 
millimeter,  and  is  to  be  classed  as  fine  textured.  The  fragments 
disseminated  in  the  groundmass  are  calcite  plates  having  a  grain 
diameter  of  0.62  to  2.25  millimeters,  with  an  estimated  average  of 
0.89  millimeter,  and  are  thus  of  coarse  texture.  The  calcite  of  the 
groundmass  is  closely  twinned,  and  the  brecciated  plates  show 
curved  twinning  and  retwinning  produced  by  later  movement. 

The  general  strike  of  the  rocks  is  northward,  but  the  bedding  is 
obscured  by  the  folds  and  fractures,  which  are  very  prominent.  The 
fractures  are  locally  so  close  together  that  good  hand  samples  can 
hardly  be  obtained  from  surface  material.  The  marble  is  cut  and 
impregnated  by  so  much  altered  volcanic  rock  as  to  be  in  most  places 
of  little  value,  but  it  may  be  possible  to  find  here  and  there  material 
suitable  for  quarrying.  Except  where  exposed  on  the  beach  and  in 
stream  cuttings  the  marble  is  concealed  by  a  heavy  forest  growth. 

BASKET  BAY  AVX>   VZOIVXTT. 

Basket  Bay  (No.  11)  is  a  short,  narrow  arm  of  Chatham  Strait 
about  8  miles  south  of  Tenakee  Inlet.  Although  only  about  a  third 
of  a  mile  wide  and  1^  miles  long,  it  affords  good  anchorage  and  good 
protection  to  vessels.  The  marble  in  the  vicinity  of  Basket  Bay  is 
chiefly  of  fine  grain.  With  reference  to  color  there  are  four  prin- 
cipal varieties — ^gray,  gray  and  white  banded,  white,  and  dark  blue 
with  calcite  streaks.  On  the  southwest  shore  of  the  bay  Hie  marble 
is  exposed  almost  continuously.  Here  the  rock  is  massively  bedded 
but  weathers  to  thin  spalls.  The  strike  is  N.  30°  W.,  and  the  dip  is 
steep  toward  the  northeast.  Myriads  of  small  fractures  cut  the 
surface  rock  into  small  rhombohedral  blocks,  and  the  seamed  condi- 
tion extends  up  into  the  bluffs  back  of  the  bay.  The  marble  is  cut 
and  impregnated  in  many  places  with  seams  of  altered  hornblende 
andesite.  There  is  probably  an  enormous  quantity  of  marble  in  this 
vicinity.  The  deposit  on  the  southwest  shore  of  Basket  Bay  appears 
to  extend  to  the  top  of  the  2,400-foot  peak  southwest  of  the  bay.  The 
appearance  of  the  weathered  summit  and  slopes  of  the  4,000-foot 
mountain  to  the  northwest,  4  miles  from  the  head  of  the  bay,  may 
be  composed  of  limestone  or  marble,  as  it  strongly  suggests  eal- 
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cinou  rock,  and.  the  mountain  is  directly  in  the  line  of  strike  be- 
tientlke  Bui^tt  Bay  and  Tenakee  marble  areas,  but  it  is  more  likely 
to  bt  a  maas  of  li^t-colored  granite  whose  intrusion  into  limestone 
d  the  adjacent  areas  of  marble. 
>f  marble  from  Basket  Bay  were  examined  micro- 
N.  Dale.  One,  a  fine-grained  gray  marble  with 
ids  and  streaks  crossing  the  banding,  was  found  to 
tie  graphitic  laminae,  which  constitute  most  of  the 
MUtly  of  untwinned  magnesian  calcite.  The  grain 
from  0.03  to  0.06r>  millimeter  and  the  estimated 
millimeter.  The  white  streaks,  which  reach  0.25 
dth,  consist  of  twinned  calcite  having  a  grain  dio.- 
o  OJi  millimeter  and  an  estimated  average  of  0.0fi4 
^w  quartz  grains  were  noted  in  this  jnaterial.  A  cal- 
iog  the  banding  is  0.5  to  1.2a  millimeters  wide  and 
aed  calcite  having  a  grain  diameter  of  0.185  to  1.1 
an  estimated  average  diameter  of  0.337  millimeter. 
i.  K.  Bailey  is  as  follows : 

HytU  of  grapkUic  tnarble  fmu  Btulcet  Bav- 

28. 19 

bonate  (CaCO.) 63.68 

Earfoonate  (MgCOt) 8.90 

aple,  a  fine-grained  grayish-white  marble,  showed  a 
>f  0.05  to  0.37  millimeter,  mostly  0.125  to  0.25  milli- 
nated  average  of  0.1  millimeter.  The  Rosiwal  meas- 
n  average  grain  diameter  of  0.0037  inch,  or  0.094 
B  texture  of  this  sample  is  even,  but  the  grains  ai-e 

Corm  the  shore  of  Chatham  Strait  southward  from 
:he  next  small  cove,  a  distance  of  more  than  a  mile. 
Hrble  exposed  here  (No.  12)  is  of  excellent  quality 
le  of  a  good  polish.  It  is  all  fine  grained  and  is  gen- 
riih  bluish  gray  and  white,  (See  PI.  VII,  B.)  Mi- 
rements  by  T.  N.  Dale  of  a  sample  of  this  marble 
i  jrrain  diameter  ranges  from  0.047  to  0.24  millimeter, 

0.02  millimeter,  and  the  estimated  average  is  0.079 
e  Kosiwal  measurement  gave  an  average  diameter  of 

0.0752  millimeter.     The  texture  is  even.     Minute 
»  rarely  present,  and  some  pyrite  in  minute  particles 
■allel  streaks  altering  to  limonite  were  noted. 
ce  N.  SO^-SS**  W.  and  dip  steeply  northeast.    The  rock 

minute  fractures  above  tide  level,  has  been  closely 
imtmly  shows  flow  structure.    Small  faults  arc  strik- 
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ingly  brought  out  on  polished  surfaces.  The  banding,  the  folds,  and 
the  flow  structure  are  beautifully  shown  on  the  wave-sooured  beach. 
Nowhere,  however,  is  the  marble  for  any  considerable  distance  free 
from  joints  or  from  basaltic  dike  material.  The  bluffs  are  steep  here 
and  are  surmounted  with  forests. 

At  a  point  on  the  north  side  of  the  small  cove  (No.  18) ,  the  marble 
is  mostly  fine  grained  and  white,  although  there  is  a  little  interbedded 
light-gray  rock.  It  is  rather  soft  and  friable  above  tide  level  in  the 
cliffs,  where  it  has  been  subjected  to  severe  weathering,  but  it  pre- 
sents a  handsome  appearance^  A  thin  section  of  the  fine-grained 
white  marble  with  faint  green  cloudings  was  examined  by  T.  N. 
Dale,  who  found  the  grain  diameter  to  range  from  0.025  to  0.35 
millimeter,  but  mostly  from  0.125  to  0.25  millimeter,  and  estimated 
the  average  at  0.08  millimeter.  The  grade  is  a  little  finer  than  Ver- 
mont grade  2  (very  fine) .   The  texture  is  even. 

The  characteristic  jointing,  fracturing,  and  intrusion  by  dikes  have 
affected  the  beds  here  in  no  less  degree  than  in  other  places  along  this 
shore.  At  the  head  of  the  cove  is  exposed  a  fine-grained  gray  and 
white  banded  marble,  which  was  traced  three-quarters  of  a  mile 
or  more  up  the  creek  that  empties  into  this  cove.  The  beds  are 
massive  where  unweathered,  as,  for  instance,  below  high-tide  level 
or  below  the  level  of  the  creek,  but  they  show  much  fracturing 
where  exposed  to  the  weather.  This  condition  suggests  that  the 
action  of  frost  may  have  played  an  important  part  in  opening  frac- 
tures caused  by  strains.  Flow  structure  and  conspicuous  folding 
are  common.  The  whole  mass  seems  to  have  been  impregnated  with 
thin  dikes  and  stringers  of  hornblende  andesite  after  the  folding 
occurred. 

In  order  to  appraise  the  value  of  this  interesting  area  of  marble, 
considerable  prospecting  with  the  core  drill  will  be  necessary, 
trails  must  be  cut  into  the  interior,  and  the  marble  must  be  explored 
on  the  slopes  of  the  mountains. 

ADMIRALTY  ISLAKD. 

The  shores  of  Admiralty  Island  from  Mansfield  Peninsula  to 
Chaik  Bay  and  from  Pybus  Bay  to  the  head  of  Seymour  Canal  are 
made  up  largely  of  limestone  and  schist  The  general  distribution 
of  rocks  along  the  shore  line  of  this  island  is  shown  in  Bulletin  287/ 
although  slight  modifications  should  be  made  as  a  result  of  observa- 
tions during  the  study  of  marble  deposits.    For  instance,  the  ^  Mar- 

^  Wright,  C.  W.,  A  reconnaissance  of  Admiralty  Island,  Alaska :  U.  S.  Oeol.  Sarrey 
Bnll.  287,  pp.  13S-154,  pi.  33,  1906.  This  balletln  is  out  of  stock  at  the  Survey  but 
may  be  purchased  from  the  Superintendent  of  Documents,  Washington,  D.  C,  for  75 
cents. 
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ble  Bluffs  ^  on  Chatham  Strait,  nearly  opposite  Tenakee  Inlet  on 
Chichagof  Island,  have  been  found  to  be  composed  of  quartz  mon- 
zonite,  a  light-colored  granitic  rock,  instead  of  marble,  as  heretofore 
popularly  supposed.  In  parts  of  the  limestone  belts  the  limestone 
has  been  metamorphosed  to  marble,  some  of  which  is  of  good  quality 
and  some  of  which  is  schistose.  Exposures  of  marble  were  examined 
on  the  west  shore  between  Cube  Point  and  Point  Hepburn,  also  south 
of  "  Marble  Bluffs "  and  in  Hood  Bay,  and  search  for  marble  was 
made  at  many  intermediate  points  and  in  Pybus  Bay. 

POniT  HEPBTTBV. 

^^  • 

From  1  to  1^  miles  north  of  Point  Hepburn  (No.  14)  extends  an 
area  of  medium  to  coarse  grained  schistose  marble,  which  is  white 
with  gray,  green,  and  black  schistose  bands.  It  includes  nodules  and 
lenses  of  fine-grained  rock  that  probably  contain  magnesium  car- 
bonate. In  places  along  the  schistose  planes  pyrite  is  abundant.  The 
rock  occurs  generally  in  beds  2  to  5  feet  thick,  but  owing  to  the 
schistose  structure  it  weathers  to  thin  bands  on  the  edges  of  the  beds. 
The  beds  are  cut  by  quartz  veins  and  are  interbedded  with  green 
schist. 

Two  samples  of  marble  from  this  exposure  were  examined  under 
the  microscope  by  T.  N.  Dale  and  G.  F.  Loughlin.  In  one,  a  schistose 
green  and  white  banded  marble,  the  grain  diameter  ranged  from 
0.075  to  0.75  millimeter,  mostly  0.25  to  0.5,  with  an  estimated  average 
of  0.187  millimeter.  Much  close  twinning  of  the  calcite  is  evident. 
The  schistosity  is  ^lown  in  the  section  by  the  distribution  of  the 
grains  of  quartz  and  feldspar  and  scales  of  chlorite  and  muscovite, 
which  form  a  series  of  bands.  These  bands  contain  also  grains  of 
titanite. 

The  other  sample,  a  greenish  marble,  displays  a  very  irregular 
texture.  It  consists  of  several  small  bands  of  fine  and  of  coarse  tex- 
ture, some  of  them  with  epidote  and  hornblende  and  small  grains  of 
titanite,  others  with  grains  of  feldspar  and  quartz,  and  some  with 
large  plates  of  calcite,  one  measuring  3  millimeters.  In  one  of  the 
coarser  bands  the  quartz  and  calcite  grains  measure  as  much  as  1.12 
millimeters.  The  small  beds  are  crossed  at  an  angle  of  25°  by  planes 
of  slip  cleavage.  Much  close  twinning  is  present  in  the  larger  calcite 
grains.  This  is  a  calcite  marble  with  quartz,  feldspar,  epidote,  horn- 
blende, and  pyrite.  The  rock  takes  a  fair  polish,  but  owing  to  the 
presence  of  the  schistose  bands  the  polish  is  uneven. 

The  beds  strike  N.  50°  W.  and  stand  almost  vertical.    There  has 
been  some  close  folding,  but  for  the  most  part  the  bedding  or  schist 

planes  are  flat.    This  exposure  now  forms  a  low  bluff  for  about  half 

a  mile  along  Chatham  Strait,  and  the  direction  of  strike  carries  the 
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beds  into  a  prominent  ridge  toward  the  southeast.  On  the  beach  the 
beds  are  not  well  situated  for  quarrying,  as  the  bluff  is  steep  and  high 
tide  reaches  its  base,  but  if  the  quality  of  the  material  should  warrant 
exploitation,  a  quarry  could  probably  be  opened  in  the  slope  of  the 
ridge  and  the  product  trammed  to  the  cove  near  Point  Hepburn, 
where  anchorage  for  boats  of  medium  draft  is  available. 

XABBLE   OOVE  AVD   VXOIVITT. 

On  Chatham  Strait  from  a  point  4  miles  south  of  ^'  Marble  Bluffs  ^' 
to  a  point  1  mile  north  of  a  small  notch  in  the  shore,  which  will  here 
be  called  Marble  Cove,  there  is  a  deposit  of  marble  that  possesses 
considerable  scientific  interest  and  possibly  some  commercial  value. 
At  this  locality  (No.  15)  the  marble  is  interbedded  with  bands  of 
gray  and  green  mica  schist  and  white  to  gray  variously  banded  quartz 
schist  The  marble  layers  range  from  1  inch  to  3  or  4  feet  in  thick- 
ness. The  bands  of  mica  schist  are  generally  1  inch  to  5  or  6  inches 
thick,  and  some  of  the  bands  of  quartz  schist  are  a  little  thicker  but 
rarely  exceed  1  foot.  The  marble  is  medium  grained  and  is  gray, 
white,  pink,  and  green.  All  of  it  is  susceptible  of  a  fair  polish,  and 
the  quartzite  takes  a  glassy  polish.  The  beds  strike  N.  60^-65^  W. 
and  are  nearly  verticaL  They  are  cut  by  small  dik^  of  dark-green 
hornblende  dacite  which  send  out  stringers  between  the  schistose 
layers.  Folds  are  also  exhibited  by  the  varicolored  bands.  (See  PL 
VIII,  A.)  This  outcrop  is  exposed  in  a  strip  about  50  feet  thick 
along  the  beach  for  a  quarter  of  a  mile  or  more  and  is  partly  sub- 
merged at  high  tide.  (See  PL  VII,  A.)  It  is  bounded  by  a  bluff 
which  also  contains  alternate  bands  of  marble  and  schist,  the  schist 
predominating.  In  strike  with  these  beds,  1  to  1^  miles  toward  the 
southeast  (No.  16),  a  similar  body  of  banded  marble,  schist,  and 
quartzite  is  exposed  by  a  steep  moimtain  stream. 

Several  thin  sections  of  marble  from  this  locality  were  examined  by 
T.  N.  Dale  and  G.  F.  Loughlin.  One  section  from  a  medium-grained 
white  band  in  a  schistose  mass  showed  a  grain  diameter  of  0.05  to 
1.12  mUlimeters,  mostly  0.12  to  0.62  millimeter,  with  an  estimated 
average  of  0.28  millimeter.  The  texture  of  this  rock  is  uneven. 
Sparse  grains  of  quartz,  pyroxene,  and  tremolite  were  noted,  also  a 
few  lenses  of  these  minerals  reaching  3  millimeters  in  length.  The 
material  is  a  slightly  quartzose  and  pyroxenic  calcite  marble. 

Another  section  showed  medium-grained  schistose  material,  with 
alterations  of  white  and  green  bands.  The  white  band  consists  of 
calcite  having  a  grain  diameter  ranging  from  0.075  to  0.62  millimeter, 
but  mostly  from  0.12  to  0.37  millimeter.  The  estimated  average 
diameter  is  0.166  millimeter.  It  has  an  uneven  texture.  The  calcitic 
portion  contains  many  particles  and  streaks  of  tremolite  and  pyroxene 
with  a  little  quartz.    On  either  side  of  the  calcite  band  is  a  band  of 
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epidotc  0.1  inch  wide.  This  rock  is  a  calcite  marble  with  pyroxene, 
epidote,  tremolite,  and  quartz.  In  a  section  of  the  quartz  schist  the 
quartz  grains  form  minute  specks  as  much  as  3  millimeters  in  diam- 
eter. The  average  grain,  except  in  the  coarse  streak,  is  about  0.12  milli- 
meter. Thin  streaks  of  carbonate  and  augite  give  the  schistose  char- 
acter. One  band  noted  was  composed  chiefly  of  pale-green  augite,  1 
millimeter  in  maximum  length  but  averaging  0.2  millimeter,  rimmed 
in  places  by  a  little  common  hornblende.  The  other  main  constituent 
is  quartz.    A  few  grains  of  pyrite  and  titanite  are  present. 

Another  sample  of  medium-grained  schistose  material  with  white 
and  green  bands,  but  coarser  than  the  material  described  in  the  pre- 
ceding paragraph,  shows  a  grain  diameter  of  0.125  to  1.37  millimeters, 
mostly  0.25  to  0.75  millimeter,  with  an  estimated  average  diameter  of 
0.332  millimeter.  The  texture  is  uneven,  the  rock  containing  sparse 
pyroxene  grains  0.05  to  0.37  millimeter  in  diameter.  A  central  light- 
greenish  band  or  vein  averaging  0.1  inch  in  width  crosses  the  section ; 
it  consists  of  green  pyroxene  with  a  little  quartz  and  a  very  little 
pyrite.  Minute  specks  of  titanite  are  common.  This  band  is  crossed 
at  right  angles  by  numerous  microscopic  joints. 

Still  another  section  showed  medium-grained  greenish  pyroxenic 
marble  in  which  the  grain  diameter  ranges  from  0.074  to  1.3  milli- 
meters, mostly  0.16  to  0.74  millimeter,  and  the  estimated  average  is 
0^4  millimeter.  The  texture  is  uneven  and  irregular.  The  calcite  is 
closely  twinned,  and  many  of  the  grains  have  curved  twinning,  indi- 
cating secondary  movement.  The  section  contains  sparse  grains  of 
pyroxene  0.17  to  1.5  millimeters  in  diameter,  a  few  quartz  grains,  a 
quartz  lens  1.25  millimeters  long,  and  a  little  tremolite. 

The  wave- washed  beach  exposures  of  this  banded  rock  afford  some 
sections  of  very  attractive  material,  and  if  it  can  be  quarried  advan- 
tageously it  should  be  possible  to  obtain  a  large  quantity  of  stone 
here  that  might  be  suitable  for  certain  classes  of  interior  decorative 
work.  This  rock,  which  consists  of  alternating  layers  of  material 
of  variant  degrees  of  hardness,  is  not  so  easily  sawed  and  polished 
as  a  more  homogeneous  rock.  However,  large  blocks  of  similarly 
banded  schistose  marble  found  on  Moira  Sound,  Prince  of  Wales 
Island,  have  been  cut  and  polished  and  yielded  very  handsome  fin- 
ished slabs. 

About  a  quarter  of  a  mile  to  a  third  of  a  mile  north  of  Marble 
Cove  occurs  another  strip  of  attractive  marble.  The  beds  here  also 
strike  N.  60®-€5**  W.  and  stand  nearly  vertical.  The  total  width 
(or  thickness)  of  the  exposure  is  115  to  130  feet.  It  extends  500 
to  600  feet  along  the  beach  and  in  places  forms  a  bluff  40  feet  high. 
From  40  to  50  feet  of  these  beds  at  the  northeast  side  consist  of 
medium-grained  gray  marble^  closely  banded  with  thin  dark-gray 
layers.     The  southwest  75  to  80  feet  is  coarse-grained  yellowish 
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white  and  greenish-white  marble.  Dikes  of  basaltic  rock  cut  the 
beds,  but  not  so  closely  as  to  interfere  seriously  with  quarrying.  A 
section  of  medium-grained  gray  and  white  banded  marble  from  this 
locality  showed  a  grain  diameter  of  0.114  to  1.71  millimeters,  mostly 
0.38  to  0.95  millimeter,  with  an  estimated  average  of  0.88  millimeter. 
According  to  the  Rosiwal  measurement,  the  average  grain  diameter 
is  0.014  inch,  or  0.355  millimeter.  The  texture  is  slightly  uneven. 
Much  close  twinning  was  noted,  also  a  few  particles  of  pyrite(  (). 

At  the  north  side  of  the  entrance  to  Marble  Cove  (No.  17)  is  ex- 
posed a  fine-grained  white  marble^  The  rock  strikes  N.  60^-65^  W. 
but  is  so  badly  fractured  that  the  bedding  is  indistinct.  The  quan- 
tity of  stone  of  this  grade  seems  to  be  small,  as  toward  the  north 
the  material  passes  into  coarser  yellowish  marble.  A  section  of  this 
fine-grained  white  marble  shows  that  most  of  the  crystals  are 
twinned.  The  grain  diameter  ranges  from  0.05  to  0.325  millimeten 
mostly  between  0.125  and  0.25  millimeter.  The  estimated  average 
diameter  is  0.096  millimeter.  The  texture  does  not  show  interlocked 
particles.  There  are  some  cloudy  (graphitic  t)  areas  of  calcite  as 
much  as  0.4  inch  long  and  0.1  indi  wide  in  which  the  twinning 
planes  bisect  the  acute  angle  of  the  cleavage  rhomb  and  some  of  the 
grains  are  very  large.  The  following  analysis  of  this  sample,  by 
R.  K.  Bailey,  i^ows  that  it  is  high  in  magnesium : 

Analysis  of  white  marble  from  Admiralty  Island,  north  side  of  Afarble  Cove. 

Insoluble  matter 0.91 

Calcium  carbonate  (CaCOi) 61.11 

'   Magnesium  carbonate    (MgCO»)__   30.10 

Another  deposit  of  marble  was  noted  on  this  part  of  the  Admiralty 
Island  shore  about  a  third  of  a  mile  south  of  Marble  C!ove,  just 
south  of  the  mouth  of  a  large  creek.  The  marble  is  of  medium 
grain  and  comparatively  hard.  Some  of  it  is  white  and  some  is 
white  and  gray  banded.  Both  varieties  take  a  good  polish.  The 
outcrop  extends  for  half  a  mile  or  more  along  the  beach  and  forms 
a  bluff  about  50  feet  high,  back  of  which  is  a  flat  wooded  terrace 
several  hundred  feet  wide,  developed  on  the  marble.  The  marble  at 
the  base  of  the  bluff  is  of  a  dazzling  white  color,  having  been 
smoothed  and  polished  by  the  surf.  The  rock  is  massively  bedded 
and  strikes  northwest.  Joints  and  dikes  cut  tiie  beds  but  not  closely 
enough  to  interfere  with  quarrying.  A  quarry  could  probably  be 
opened  conveniently  on  the  terrace  above  the  beach,  but  as  there  is 
no  harbor  at  this  point  boats  could  be  loaded  only  at  times  of  calm 
water. 

Two  samples  of  marble  from  the  deposit  south  of  Marble  Cove  were 
examined  microscopically  by  T.  N.  Dale  and  G.  F.  Loughlin.  A 
sample  from  the  gray  beds  showed  a  very  uneven  texture,  the  stone 
being  made  up  of  more  or  less  irregular  small  bands  of  three  differ- 
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ent  grades  of  texture.  By  micrometer  measurement  the  finest- 
textaied  material  has  a  grain  diameter  of  0.03  to  0.14  millimeter, 
with  an  estimated  average  of  0.05  millimeter.  This  fine  material  is 
shown  on  two  opposite  edges  of  the  section*  The  next,  by  microm- 
eter measurement,  has  a  grain  diameter  of  0.1  to  0.25  millimeter, 
with  an  estimated  average  of  0.125  millimeter.  The  coarsest-textured 
material  has  a  grain  diameter  of  0.15  to  1  millimeter,  with  an  esti- 
mated average  of  0.29  millimeter.  Fine-grained  streaks  cut  some  of 
the  lai^  grains  and  are  due  to  shearing  about  parallel  to  the  bed- 
ding. This  marble  contains  some  weakly  pleochroic  white  to  pale- 
brown  mica,  mostly  confined  to  short,  discontinuous  layers,  and  a  few 
isolated  flakes  impregnating  carbonate  grains,  probably  nearer  mus- 
covite  or  phlogopite  in  composition  than  biotite,  and  a  few  tremolite 
grains.  Some  of  the  bands  carry  minute  black  particles,  possibly 
oxidized  pyrite  or  possibly  graphite. 

A  section  of  the  white  marble  shows  a  grain  diameter  of  0.28  to 
1.40  mUlimeters,  mostly  0.56  to  1.122  millimeters,  with  an  estimated 
average  of  0.466  millimeter.  The  section  also  shows  a  vein  of  calcite 
0.56  millimeter  thick,  with  streaks  of  fine  and  coarse  grained  calcite 
at  right  angles  to  this  vein.  The  twinning  is  very  close,  and  some 
of  the  grains  are  not  transparent  but  clouded  with  dusty  inclusions 
of  carbon  ( ? ) .     An  analysis  by  R.  K.  Bailey  is  as  follows : 

Analysis  of  white  marble  from  deposit  south  of  Marble  Cove. 

Insoluble  matter 3.61 

Calcium  carbonate  (CaCOi) 95.44 

Magnesium  carbonate  (MgCOa)__   1.45 

A  section  of  blue  and  white  speckled  marble  taken  from  the  beach 
near  the  diorite  area  on  the  south  was  examined  by  Messrs.  Dale, 
lioughlin,  and  Mertie.  The  rock  seems  to  consist  partly  of  twinned 
dolomite  and  partly  of  twinned  calcite.  The  grain  diameter 
ranges  from  0.12  to  1.5  millimeters,  mostly  0.25  to  0.75  millimeter, 
with  an  estimated  average  of  0.35  millimeter.  The  grain  is  medium, 
and  the  texture  is  uneven.  Scattered  through  the  marble  are  fine  to 
coarse- dark  specks  which  appear  to  be  segregations  of  olivine  altered 
to  serpentine  and  magnetite.  A  little  diopside  is  associated  with  the 
olivine.  Mr.  Mertie  found  also  carbonaceous  matter  intimately 
mixed  with  forsterite  and  in  places  associated  with  sulphides.  The 
hand  specimen  shows  pyrite  grains.  An  analysis  of  this  rock  by 
B.  K.  Bailey  follows : 

Analysis  of  blue  and  tchite  speckled  "  marble  "  south  of  Marble  Cove, 

Loss  on  ignition 38.82 

Insoluble  matter  (S10»  and  RaO.) 9.71 

Caldmn  oxide  (CaO) 83.60 

Magnesium  oxide  (MgO) 19.08 
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Adjoming  this  deposit  on  the  south  is  an  area  of  altered  quartz 
diorite,  shown  on  Plate  XXXIII  of  Bulletin  287  as  extending  south- 
ward nearly  to  Parker  Point.  In  the  area  extending  southward  from 
Parker  Point  to  Chaik  Bay  schist  predominates  and  no  desirable 
marble  was  noted  except  at  Hood  Bay. 

Wright^  states  that  certain  parts  of  the  limestone  belts  on  the  west 
coast  of  Admiralty  Island,  mapped  during  his  reconnaissance,  have 
l)een  converted  into  marble,  some  of  which  is  sufficiently  massive  and 
even  grained  to  make  an  excellent  building  stone,  though,  perhaps, 
not  fit  for  ornamental  purposes,  but  that  large  slabs  or  columns  prob- 
ably can  not  be  obtained  owing  to  the  system  of  joints.  Kef  erring 
to  the  areas  between  Point  Hepburn  and  Marble  Cove,  he  states  that 
a  mass  of  marble  forms  the  rock  on  the  west  shore  opposite  Tenakee 
Inlet  for  a  distance  of  8  miles  and,  being  easily  accessible,  may  prove 
to  be  of  economic  value.  According  to  Wright,  the  marble  contains 
bands  rich  in  dolomite,  has  a  fine  granular  texture,  a  white  to  light- 
gray  color,  and  in  places  a  banded  appearance.  The  studies  of  the 
writer  have  shown  that  this  marble  area  is  not  continuous  but  is 
interrupted  by  areas  of  monzonite,  diorite,  and  schist;  that  much 
of  the  marble  is  schistose,  which  probably  accounts  for  the  banded 
appearance  mentioned  by  Wright;  and  that  the  deposit  contains 
much  coarse-grained  as  well  as  fine-grained  marble. 

KOOO  BAT. 

Some  fine-grained  white  marble  was  noted  in  two  places  on  the 
northeast  shore  of  Hood  Bay  (No.  18),  almost  due  east  of  Distant 
Point  In  hand  samples  this  is  a  very  beautiful  marble,  which  takes 
a  good  polish,  but  its  availability  in  large  blocks  and  in  large  quantity 
is  questionable.  Mr.  Dale  finds  that  the  grain  diameter  of  this  marble 
ranges  between  0.05  and  0.3  millimeter  but  mostly  between  0.125 
and  0.2,  and  estimates  the  average  at  0.091  millimeter.  The  grade  is 
thus  a  trifle  finer  than  2  (very  fine) .  The  texture  appears  even.  Mr. 
Dale  mentions  the  presence  of  grains  of  quartz  and  feldspar  from 
0.087  to  0.148  millimeter  in  diameter,  but  these  were  not  recognized 
by  Mr.  Loughlin. 

The  marble  is  associated  with  schist  and  becomes  schistose  in  the 
direction  of  the  strike,  which  is  apparently  N.  70®  E.  The  beds  are 
rather  slabby  and  dip  about  20®  SE.,  although  the  angle  of  dip  is 
variant.  The  surface  rock  is  jointed  into  small  rectangles,  a  few 
inches  to  2  or  8  feet  across.  *  Veins  and  eyes  of  quartz  were  noted  in 
the  marble.  One  of  the  exposures  measured  about  500  feet  between 
its  borders  of  schist  and  possibly  100  feet  on  the  strike,  between  mean 

*  Wright,  C.  W.,  A  reconnalBsance  of  Admiralty  Island,  Alaska :  U.  8.  Geol.  Survey 
Bull.  287,  p.  154,  1906. 
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tide  level  and  the  wooded  bluff.  The  rock  farther  up  the  hill  was 
found  to  have  a  schistose  texture.  At  the  other  exposure,  about  a 
quarter  of  a  mile  to  the  southeast,  the  material  is  similar  in  character 
but  has  been  much  fractured  and  carries  considerable  quartz  in  eyes 
and  veins. 

CHAXX.  PTBTTS,  AVD  OAXBZEB  BATB. 

Wright  ^  states  that  small  belts  of  marble  occur  at  Chaik  Bay,  on 
ihe  west  side  of  the  island,  and  at  Gambier  and  Pybus  bays,  on  the 
southwest  side.  Neither  Chaik  Bay  nor  Gambier  Bay  was  examined 
by  the  writer.  On  the  west  side  of  Pybus  Bay,  about  2^  miles  from 
the  entrance,  is  a  small  area  of  gray  crystalline  limestone  with  bands 
Mid  nodules  of  chert.  The  beds  strike  north  and  dip  72°  E.  At  the 
end  of  a  small  point  where  the  beds  are  exposed  they  are  thin  and 
much  fractured,  but  in  an  overhanging  cliff  facing  a  small  cove  they 
appear  to  be  more  massive.  These  beds  are  abundantly  f  ossilif  erous, 
and  in  the  cliff  the  fossils  appear  in  relief  on  the  weathered  faces  of 
the  beds.  A  collection  of  these  fossils  made  by  the  writer  contained 
the  following  species,  as  determined  by  George  H.  Girty,  who  states 
that  they  are  supposed  to  be  of  Artinskian  age,  or  well  along  in  the 
Carboniferous : 

Lot  38.  Fossils  from  west  side  of  Pybus  Bay,  1913 : 
BatostomeUa  sp. 

Camarophorla  aff.  0.  margaritovi. 
Chonetes  aft.  C.  morahensis. 
Prodnctus  afE.  P.  timanicus. 
ProdQCtos  aft.  P.  gruenewaldti. 
Prodnctus  semireticnlatus. 
Prodnctus  afC  P.  multlstriatus. 
Prodnctus  sp. 
Tegulifera?  sp. 
Dlelasma  sp. 

Rhynchopora  aff.  R.  nikltinl. 
Spirlfer  afE.  S.  cameratus. 
Spiriferella?  arctica. 
Squamnlaria  aft.  S.  perpleza. 
Modiola?  sp. 
Unrcbisonia?  cfp. 

At  several  points  on  the  west  side  and  on  the  east  side  near  the 
head  of  Pybus  Bay  is  exposed  a  much  fractured  cherty  magnesian 
limestone  containing  crinoid  stems  and  smaU  brachiopods.  The 
shore  line  of  Pybus  Bay,  except  at  the  mouth  of  the  bay,  is  mapped 
by  Wright  •  ad  limestone  and  schist,  but  by  far  the  greater  part  of 
the  west  shore  line  is  made  up  of  a  dark  metamorphosed  shale.    This 

» Wright,  C.   W.,   op.  dt,   p.    154.  'Idem,   pL   33. 
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dark  rock  is  regarded  by  Edwin  Kirk  as  of  Triassic  age.  No  rock 
that  could  be  termed  commercial  marble  was  discovered  in  Pybus 
Bay. 

KUPREANOF  ISLAND. 

Beds  of  limestone  interstratified  with  schist  have  been  noted  on 
Kupreanof  Island  on  the  west  side  of  Dimcan  Canal*.  Among  the 
Castle  Islands  beds  or  lenses  of  cherty  limestone  containing  veins  of 
calcite  were  noted  by  the  writer  to  be  nearly  in  strike  with  a  lens  of 
barite,^  with  relations  suggesting  that  the  barite  may  have  been 
formed  through  the  replacement  of  limestone.  In  the  autumn  of  1914 
W.  C.  Waters  forwarded  to  the  Survey  samples  of  partly  metamor- 
phosed light  and  dark  grayish-blue  limestone  with  bands  and  patches 
of  white  calcite  from  the  north  side  of  the  west  arm  of  Duncan 
Canal  and  light-gray  finely  laminated  marble  from  the  south  side  of 
the  west  arm  of  Duncan  Canal.  Although  the  charts  of  the  Coast 
and  Geodetic  Survey  do  not  show  which  is  the  "  west  arm "  of  Dun- 
can Canal,  it  is  believed  that  this  arm  is  the  shallow  one  that  joins 
the  main  body  of  water  about  4  miles  south  of  the  Castle  Islands, 
and  it  is  therefore  indicated  as  locality  19  on  the  accompanying  index 
map  (PL  I) .  The  grain  of  the  samples  from  the  north  side  of  the  arm 
is  irregular,  ranging  from  moderately  fine  in  the  mass  to  moderately 
coarse  in  the  calcite  streaks.  The  light  grayish-blue  sample  from 
the  south  shore  is  medium  and  more  even  grained  but  shows  numer- 
ous coarser  calcite  crystals  and  a  few  specks  of  pyrite.  According  to 
Mr.  Waters  these  deposits  are  exposed  along  the  beach  for  about 
1}  miles  and  lie  about  2  miles  from  deep  water.  The  rock  strikes 
northwest  and  dips  about  45°  SW.  The  associated  beds  are  shale  and 
schist,  and  the  overburden  consists  of  6  to  8  feet  of  moss  and  soil. 
The  limestone  and  marble  are  themselves  schistose,  and  the  samples 
submitted  appear  to  be  of  no  particular  merit,  but  the  occurrence  is 
noted  here  in  the  hope  that  it  may  lead  to  further  and  better  dis- 
coveries in  this  locality,  which  is  centrally  situated  and  near  steam- 
ship routea 

NORTHERN  PART  OF  PRINCE  OF  WALES  ISLAND. 

POIVT  OOLPOYB. 

Much  of  the  northern  shore  line  of  Prince  of  Wales  Island  facing: 
Sumner  Strait  is  formed  by  fine-grained  to  dense  bluish-gray  lime- 
stone, more  or  less  metamorphosed  and  cut  and  impregnated  by 
igneous  rock.  West  of  Point  Colpoys  is  an  area  of  marble  (No.  20) 
that  has  appeared  sufficiently  attractive  to  the  prospectors,  Wood- 
bridge  &  Lowery,  to  warrant  them  in  staking  out  claims.    The  mar- 

^  Burchard,  E.  P.,  A  barite  deposit  near  Wrangell,  Alaska :  U.  S.  Oeol.  Surrey  Bull. 
592,  pp.  1(»-117,  1914  (Bull.  592-D). 
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ble  is  fine  grained  and  comprises  mottled  and  white  varieties,  the 
mottled  greatly  predominating.  Reddish  stains  along  fracture  planes 
give  to  some  portions  of  the  marble  an  attractive  appearance.  .  Some 
of  the  marble  is  brecciated  and  conglomeratic,  with  white  and  red 
contrasts.  The  bedding  is  indistinct,  and  the  rock  is  closely  fractured 
and  jointed  on  the  beach  exposures.  Numerous  thin  dikes  of  altered 
olivine  basalt  cut  the  deposit  in  several  directions;  the  most  prominent 
system  of  dikes  strikes  about  N.  40^  W.  This  deposit  is  exposed  along 
the  beach  for  a  quarter  of  a  mile  or  more  and  extends  back  into  the 
interior  an  undetermined  distance.  The  quantity  of  the  marble 
available  is  probably  small,  and  it  is  likely  that  owing  to  the  multi- 
tude of  intersecting  dikes  and  fractures  no  large  blocks  can  be  ob- 
tained. This  portion  of  Prince  of  Wales  Island  near  the  shore  is 
low  and  is  covered  with  a  swampy  forest  growth. 

Another  group  of  claims  owned  by  Woodbridge  &  Lowery  lies 
about  2  miles  west  of  Point  Colpoys  (No.  21,  Pis.  I  and  III).  The 
rock  here  is  fine-grained  limestone,  only  slightly  if  at  all  metamor- 
phosed. It  is  all  much  brecciated  and  displays  a  variety  of  colors, 
including  white,  red,  gray,  and  black.  Fractures  and  joints  are  very 
numerous,  and  the  rock  is  cut  by  many  dikes  which  have  been  faulted 
and  contorted.  The  exposure  extends  along  the  beach  for  one-third 
mile  or  more,  but  is  obscured  inland  by  a  heavy  forest  growth. 

BBD  BAY. 

At  the  east  side  of  the  entrance  to  Bed  Bay,  along  the  west  shore 
of  Bells  Island,  fine-grained  slightly  metamorphosed  limestone  is 
exposed  for  about  half  a  mile  (No.  22).  Below  high-tide  level  this 
stone  is  generaUy  light  colored  on  fresh  surfaces,  with  white  and 
pink  mottled  effects  predominating;  above  high-tide  level  darker 
colors,  such  as  grays  and  blues,  predominate.  Some  handsome  mot- 
tled and  brecciated  material  is  present  here.  The  deposit  is  badly 
fractured  and  is  intersected  closely  by  dikes  of  andesitic  and  basaltic 
rocL  Woodbridge  &  Lowery  have  located  a  claim  extending  1,500 
feet  along  the  shore  and  600  feet  inland  known  as  the  East  Side 
claim.  There  is  a  heavy  growth  of  forest  and  underbrush  above 
tide  leveL 

Marble  appears  also  on  the  west  shore  of  Bed  Bay  about  2^  miles 
from  the  mouth,  near  the  head  of  the  bay,  and  beyond  in  the  vicinity 
of  Red  Bay  Mountain. 

The  marble  on  the  west  shore  of  Bed  Bay  (No.  23)  is  fine  grained 
and  is  mostly  light  colored,  showing  white,  faintly  to  strongly  clouded 
gray,  and  grayish-blue  shades.  The  part  exposed  at  the  surface  is 
rather  soft.  The  beds  are  cut  by  several  dikes  of  metadiabase,  most 
of  ^hich  are  only  a  few  inches  thick,  though  one  measuring  4  to  6 
feet  was  noted.    Thin  irregular  stringers  from  some  of  these  dikes 
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penetrate  the  marble  in  all  directions.  The  marble  exposed  on  the 
beach  is  jointed  and,  where  weathered,  shows  slightly  schistose  planes 
that  strike  north-northeasL  One  bed  of  partly  metamorphosed 
dark-bluish  limestone,  much  fractured  and  having  the  seams  filled 
with  calcite,  was  noted  interbedded  with  the  marble. 

On  account  of  the  softness  of  the  samples,  which  were  of  neces- 
sity taken  from  the  water-soaked  surface,  it  was  difficult  to  make 
thin  sections  of  this  marble.  Two  sections,  both  light  colored,  fine 
grained,  and  more  or  less  fragmentary,  were  examined  by  T.  N. 
Dale.  One  section  showed  a  grain  diameter  of  0.02  to  0.141  milli- 
meter, with  some  exceptionally  large  particles,  but  mostly  between 
0.047  and  0.094  millimeter.  The  texture  is  uneven*  The  Bosiwal 
measurements  showed  an  average  grain  diameter  of  0.001755  inch, 
or  0.04457  millimeter.  The  other  section  shows  a  grain  diameter 
ranging  between  0.02  and  0.2  millimeter,  but  mostly  between  0.03 
and  0.094  millimeter,  and  the  estimated  average  diameter  is  0.05 
millimeter. 

Claims  aggregating  80  acres,  extending  about  half  a  mile  parallel 
to  the  beach  and  one- fourth  mile  inland,  were  located  on  this  de- 
posit by  Woodbridge  &  Lowery.  In  1912  some  prospecting  was  done 
on  the  beach  by  hand  and  by  blasting  with  black  powder,  and  back 
of  the  beach,  within  the  woods,  the  soil  was  stripped  off  and  the 
surface  of  the  marble  was  bared  in  several  pits  and  trenches,  some 
of  which  are  140  feet  long.  The  cover  is  2  to  4  feet  or  more  thick. 
It  is  reported  that  in  1915  the  Vermont  Marble  Co.  opened  a  quarry 
on  these  claims  about  a  quarter  of  a  mile  back  from  tiie  beach.  The 
marble  is  said  to  be  cream-colored  with  rust-colored  veins,  like  the 
Grecian  Skyros  marble.  The  beds  are  reported  to  stand  vertical 
and  to  be  much  fractured,  so  that  the  blocks  obtainable  are  relatively 
small. 

On  the  west  shore  of  Ked  Bay  about  three-quarters  of  a  mile  south 
of  the  Woodbridge  &  Lowery  claims  and  separated  from  them  by 
a  body  of  dark  intrusive  rock  is  an  exposure  of  fine-grained  light- 
gray  to  dark-gray  marbla  Samples  from  an  ei^posure  in  the  woods 
about  500  feet  back  from  the  beach  and  60  to  80  feet  above  high-tide 
level  are  mottled.  The  weathered  marble  on  the  beach  is  very  soft 
and  appears  slightly  schistose,  with  the  gray  veins  parallel  to  the 
schistosity. 

At  the  head  of  Red  Bay  and  above  the  head  of  the  bay,  between 
Bed  Bay  Mountain  and  the  head  of  a  small  lake  about  1^  miles  long 
which  lies  south  of  the  bay,  there  are  deposits  of  marble  (Nos.  24 
and  25)  on  which  the  Vermont  Marble  Co.  has  located  daims.  It  is 
probable  that  this  belt  of  marble  extends  southwestward  nearly  if 
not  quite  to  Dry  Pass.  The  mass  of  marble  at  Winter  Harbor  has 
been  traced  a  mile  or  more  northeastward  from  Dry  Pass. 


JOOICAI.    BTTRVET 
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The  deposit  at  the  head  of  the  bay  (No.  24)  has  been  tested  by 
drill  holes  near  Little  Creek  and  on  the  left  bank  of  a  small  creek 
between  Little  Creek  and  Big  Creek.  About  25  feet  of  a  |-inch  core 
was  noted  at  the  latter  place  in  September,  1918,  and  a  small  area 
of  perhaps  10  square  yards  of  the  surface  rock  had  been  exposed  by 
stripping.  The  marble  is  white  with  gray  veins,  of  medium  grain, 
and  rather  soft^  so  far  as  shown  by  the  exposure  and  the  core.  The 
drill  hole  intersected  a  1^-inch  dike  of  hornblende  andesite(?)  con- 
taining pyrites.  Mr.  Dale  finds  that  the  grain  diameter  of  the 
marble  ranges  from  0.074  to  0.925  millimeter,  mostly  0.148  to  0.555 
millimeter,  and  estimates  the  average  to  be  0.216  millimeter.  The 
Bosiwal  measurement  gave  an  average  grain  diameter  of  0.0079  inch, 
or  0 J2  millimeter.  The  texture  is  uneven.  The  marble  is  covered  by 
a  heavy  mold  and  forest  growth.  It  lies  at  a  distance  of  a  mile  or 
more  &om  deep  water,  as  the  upper  end  of  Bed  Bay  consists  of  mud 
flats  at  low  tide. 

On  the  southeast  shore  of  the  bay  near  the  head,  facing  the  mud 
flats,  are  exposures  of  hard  fine-grained  subcrystalline,  partly  meta- 
morphosed limestone  of  light-gray  and  cream  colors  with  mottled 
effects  and  also  showing  banded  gray  and  blue  phases.  A  thin  sec- 
tion of  this  limestone  was  found  by  Mr.  Dale  to  be  composed  of 
polarizing  untwinned  grains  of  calcite  from  0.004  to  0.043  millimeter 
in  diameter  veith  a  few  lenses  of  twinned  calcite  grains.  This  rock  is 
cut  by  andesite  dikes  and  more  or  less  fractured.  In  order  to  ascer- 
tain whether  this  rock  was  limestone  or  dolomite  the  following  de- 
terminations were  made  by  S.  K.  Bailey : 

Analysis  of  limest(me  from  head  of  Red  Bay, 

Insoluble  matter _    1.70 

Galdnm  carbonate  (CaCOs) -     96.90 

Kagnesium  carbonate  (MgOOi)..  ...  _  __   2.50 

POBT  PBOTEOTIOV. 

About  a  quarter  of  a  mile  southeast  of  the  head  of  Port  Protection 
and  1  mile  from  deep  water  (No.  26),  a  mass  of  limestone  forms  a 
divide  between  two  small  creeks  that  flow  into  the  bay.  This  lime- 
stone forms  a  bluff  about  100  feet  in  heighf  with  nearly  vertical  bed- 
dmg  and  a  northwesterly  strike.  The  rock  consists  chiefly  of  fine- 
graiaed  gray  to  nearly  white  stone,  in  places  partly  metamorphosed 
to  marble.  It  is  badly  jointed  and  fractured  at  the  surface  and  is 
veined  and  discolored,  especially  along  the  fracture  planes. 

SSAJULV  BAT. 

Marble  and  limestone  beds  border  the  northeast  shore  of  Shakan 
Bay,  and  the  marble  is  well  exposed  in  the  entrance  to  Dry  Pass  in 
two  small  islands,  on  which  are  Indian  graveyards  (PL  IX,  B). 
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This  marble  is  now  considered  to  be  of  Silurian  age  and  to  have  been 
altered  by  the  intrusion  of  a  granite  mass  that  lies  adjacent  to  it  on 
the  southeast.  Claims  2  miles  long  and  half  a  mile  or  more  wide 
were  located  along  the  coast  of  Shakan  Bay  (see  fig.  2)  in  1905  by 
the  Alaska  Marble  Co.,  after  considerable  prospecting  by  trenching 
and  drilling  to  ascertain  the  extent  of  the  marble  and  its  quality  in 
depth.    A  quarry  has  l)een  opened  near  Calder,  at  an  altitude  of 


FiGUiiB  2. — Sketch   map  showing  marble  quarry  and  claims  of  Alaska  Marble  Co.  on 

Prince  of  Wales  Island,  Shakan  Bay. 

about  100  feet  on  the  hillside  south  of  Marble  Creek,  about  half  a 
mile  above  its  mouth  (No.  27),  and  an  area  of  100  by  200  feet  has 
been  stripped  and  quarried  to  a  depth  of  nearly  100  feet  measured 
on  the  hillside,  about  60  feet  below  the  level  of  the  tramway.  (See 
PI.  IX,  -4.)  A  tunnel  has  also  been  driven  back  for  a  distance  of 
about  25  feet  at  the  southeast  comer  of  the  quarry  pit. 

The  quarry  is  connected  with  deep  water  in  Marble  Cove  by  an 
inclined  trestle,  3,200  feet  in  length,  on  which  is  laid  a  standard-gage 
railroad  track.    Loaded  cars  run  down  to  the  wharf  by  gravity  and 
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are  drawn  back  to  the  quarry  by  cable.  The  wharf  is  equipped  with 
a  stiff-leg  derrick,  and  the  quarry  with  two  derricks,  necessary  chan- 
aeling  and  gadding  machines,  and  a  complete  machine  shop.  The 
power  plant  near  the  quarry  which  operates  the  quarry  derricks  and 
the  tramway  cable  is  equipped  with  an  80-horsepower  boiler.  A 
sm&ll  engine  on  the  wharf  operates  the  derrick  there. 

The  character  and  relations  of  the  marble  deposit  are  described  as 
follows  by  the  Wrights,^  who  visited  this  locaUty  while  active  work 
was  in  progress : 

The  eztoit  of  the  marble  deposit  at  this  locality  has  been  investigated  at  a 
Domber  of  points  on  the  surface  by  open  cuts  and  trenches  and  in  depth  by 
eighteen  driU  holes,  and  at  all  of  these  places  marble  usually  of  good  quality  is 
exposed.  The  marble  belt  is  approximately  B,000  feet  in  width,  striking  in  a 
nothwesterly  direction  and  dipping  to  the  southwest.  It  Is  limited  on  the  north- 
east by  an  intrusive  granite  mass  and  on  the  southwest  by  the  shore  line.  To 
the  south  it  crosses  the  entrance  to  Dry  Pass,  but  Just  back  of  Shakan  it  Is  cut 
off  by  a  granite  mass,  while  to  the  northwest  it  extends  into  the  channel  and 
reappears  at  the  entrance  to  Calder  Bay,  extending  northward  and  overlying 
beds  of  conglomerate.  Along  the  shore  exposures  and  at  the  quarry  small  dikes 
oC  diabase,  striking  northeasterly  and  much  altered  and  faulted,  were  observed 
intersecting  the  marble  beds.  Apparently  these  dikes  antedate  the  meta- 
tDorphism  of  the  limestone  and  therefore  the  intrusion  of  the  granite.  They 
are,  however,  but  a  foot  or  two  in  width  and  not  sufficiently  numerous  to  affect 
tbe  value  or  expense  of  quarrying  the  marble.  In  the  present  opening  at  the 
quarry  only  one  dike  is  exposed.  Both  surface  cracks  and  slipping  planes  are 
present  in  the  surface  exposures  of  the  marble,  but  in  depth  these  are  less 
iiumerous  and  will  not  materially  interfere  with  quarrying. 

Three  distinct  varieties  of  marble  are  found — pure  white,  blue-veined  with 
white  background,  and  light  blue,  often  having  a  mottled  appearance.  The  pure 
white,  which  has  a  finely  crystalUne  texture,  is  the  most  valuable.  All  of  the 
marhle  is  free  from  silica  and  flint  beds  common  in  most  quarries  and  though 
thin  seams  of  pyrite  were  observed  they  do  not  occur  in  a  quantity  detrimental 
to  the  stone.  The  following  chemical  analysis  of  the  white  marble  was  made 
by  E.  F.  Lass  for  the  Alaska  Marble  Co. : 

Chemical  analysis  of  white  marble  from  Marhle  Creek,  Prince  of  Wales  Island, 

Alaska. 

Insoluble  matter 0 

Oxide  of  Iron  (Fe.O.) Slight  trace. 

Sulphuric  anhydride    (SOg) Trace. 

Lime    (CaO) 55. 59 

Magnesia    (MgO) .  30 

Carbon  dioxide  (COa) 43.67 

Undetermined    .44 


100.00 
Calcium  carbonate  (CaCOg) 09.26 

A  qaaUtative  test  for  magnesia  in  a  sample  collected  by  the  writers  was  made 
^y  Dr.  George  Stelger,  of  the  United  States  Geological  Survey,  who  reports  a 
<^tent  of  less  than  1  per  cent 


^Wright,  F.  D.  and  C.  W.,  The  Ketchikan  and  Wrangell  mining  districts,  Alaska :  U.  8. 
G«oL  Survey  Bnll.  847,  pp.  104-105,  1008. 
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To  determine  the  crashing  strength  of  the  stone  the  Alaska  Marble  Go.  sob- 
mitted  samples  to  N.  H.  WincheU,  State  geologist  of  Minnesota,  who  reports  an 
average  strength  of  10,521  pounds  per  square  inch,  a  strragth  ample  for  all 
building  purposes.  Though  not  equal  to  the  best  Italian  grades  this  marble 
is  better  than  most  American  marbles  and  In  the  market  will  compete  on  at 
least  equal  terms  with  the  product  of  Vermont,  Georgia,  and  Tennessee. 

A  thin  section  of  the  white  marble  from  Calder,  examined  by 
T.  N.  Dale,  showed  a  grain  diameter  of  0.076  to  0.625  millimeter, 
mostly  0.125  to  0.375.  The  Bosiwal  measurements  gave  an  average 
grain  diameter  of  0.0058  inch,  or  0.147  millimeter.  The  grade  is 
medium,  and  the  texture  is  uneven. 

A  thin  dike  of  metabasalt  at  this  quarry  contains  much  pyrite  and 
a  streak  of  pyrrhotite* 

Experience  in  quarrying  this  marble  seems  to  have  shown  that  the 
whiter  varieties  are  softer  than  the  veined  or  clouded  varieties. 
Areas  in  which  the  rock  is  too  soft  for  commercial  purposes  are  not 
uncommon,  even  in  the  depths  of  the  quarry.  The  marble  beds  are 
much  fractured,  and  as  yet  the  fractures  have  not  been  found  to  dis- 
appear entirely  with  increasing  depth.  A  vertical  hole  is  reported 
to  have  been  bored  with  a  oore  drill  175  feet  below  the  present  bottom 
of  the  quarry,  and  two  more  holes  were  drilled  in  the  southeast  and 
southwest  comers  of  the  quarry  for  distances  of  about  200  feet  at 
an  angle  of  about  45^  to  the  horizontal.  All  these  cores  are  reported 
to  have  shown  marble  of  good  quality. 

Shipments  of  marble  were  made  from  this  quarry  each  year  from 
1906  to  1910,  but  no  quarrying  has  been  done  since  December,  1909. 
The  product  in  rough  blocte  was  shipped  mostly  to  a  sawing  and  pol- 
ishing plant  at  Tacoma,  Wash.,  where  it  was  prepared  for  interior 
decoration.  Shipments  were  also  made  to  Spokane  and  San  Fran< 
cisco  and  to  several  eastern  cities.  The  closing  of  the  quarry  may  have 
been  due  to  failure  to  find  sufficiently  hard  stone  within  the  depths 
quarried.  According  to  recent  reports,  it  is  planned  to  reopen  this 
quarry  whenever  the  conditions  of  finance  and  the  markets  will  war- 
rant it.  Some  development  work  is  reported  to  have  been  done  at 
Calder  in  1915,  and  some  prospect  drilling  on  Dry  Pass  near  the 
Indian  burying  ground  yielded  good  white  cores.  The  equipment 
generally  has  been  kept  in  good  condition. 

DST  PASS. 

The  marble  area  extends  eastward  from  Calder  about  2  miles  along 
the  north  side  of  Dry  Pass  to  a  small  shallow  cove  known  locally  as 
Winter  Harbor,  just  east  of  the  shallowest  part  of  Dry  Pass,  where 
it  terminates  against  a  mass  of  gray  granite.  The  marble  in  this 
vicinity  is  white  and  gray  to  light  grayish  blue  in  color  and  is  coarsely 
crystalline  near  the  contact  with  the  granite.    On  the  surface  it  is 


PRINCE  OF  WAUsIS  ISLAND.  63 

not  very  hard  and  is  easily  disintegrated  to  sand  by  water  running 
down  the  slopes.  On  the  northeast  shore  of  the  small  cove  the  marble 
fonns  low  cliffs,  over  one  of  which,  at  the  north  end  of  the  cove, 
falls  a  small  mountain  stream.  Half  a  mile  above  the  mouth  of  this 
creek  a  cliff  of  gray  coarsely  crystalline  marble  100  feet  high  (No.  28) 
surmounts  a  talus  slope  about  200  feet  high,  which  extends  from 
the  creek  to  the  cliff.  The  top  of  the  marble  cliff  is  probably  500 
feet  above  sea  level.  The  general  trend  of  the  ridge  is  N.  60^  E., 
and  the  marble  mass  may  be  continuous  with  the  deposits  located 
by  the  Vermont  Marble  Co.  south  of  Red  Bay.  Between  Winter 
Harbor  and  Shakan  Bay  the  marble  beds  are  cut  by  several  dikes 
and  are  intruded  by  small  areas  of  basaltic  rock. 

Thin  sections  of  the  white  marble  near  the  cove  and  of  the  light- 
gray  marble  from  the  cliff  half  a  mile  from  the  shore  were  examined 
by  T.  N.  Dale.  Both  are  coarse  grained.  In  the  white  marble 
the  grain  diameter  ranges  between  0.56  and  4.48  millimeters,  but 
mostly  between  1.40  and  2.80  millimeters.  Measurements  according 
to  the  Bosiwal  method  showed  an  average  grain  diameter  of  0.049 
inch,  or  1.24  millimeters,  and  the  texture  is  fairly  even.  In  the 
light-gray  marble  the  grain  diameter  ranges  between  0.28  and  2.80 
millimeters,  mostly  0.56  to  1.96  millimeters.  The  Bosiwal  measure- 
ments showed  an  average  grain  diameter  of  0.0331  inch  or  0.84  milli- 
meter, and  the  texture  is  uneven. 

Marble  as  coarse  as  this  seldom  shows  as  great  strength  as  fine- 
grained marble  and  is  likely  to  show  greater  porosity  and  absorption, 
yet  if  normally  sound  stone  can  be  obtained  its  strength  will  doubt- 
less be  found  ample  for  all  interior  decorative  work  for  which  the 
marble  would  be  suitable,  and  probably  also  for  exterior  walls  of 
small  buildings.  Certain  Georgia  marbles  that  have  been  largely 
used  for  decorative  purposes  resemble  the  gray  rock  in  color  and 
texture. 

EL  OAFITAV. 

On  the  north  side  of  Dry  Pass,  about  2^  miles  east  of  Winter 
Harbor,  east  of  the  granite  mass  just  mentioned,  marble  beds  (No. 
29)  form  the  surface  rocks  for  a  mile  or  more.  Ten  marble  claims 
located  here  were  acquired  by  the  El  Capitan  Marble  Co.,  in  1903. 
In  1904  a  small  quarry  pit  12  feet  deep  was  opened  near  tidewater 
by  channeling  and  gadding  machines,  and  3  gangsaws  operated  by 
steam  power  were  installed.  A  small  quantity  of  marble  was  ship- 
ped to  Seattle.  Operations  were  suspended  at  the  end  of  1904  and 
have  not  been  resumed,  although  the  property  has  been  cared  for, 
end  it  is  rumored  that  the  quarry  will  be  reopened.  Drilling  opera- 
tions were  under  way  in  the  summer  of  1917. 

The  marble  exposed  in  the  El  Capitan  quarry  is  of  medium  grain 
and  not  very  hard.    It  is  of  slightly  coai'ser  texture  and  shows  more 
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contrast  than  the  marble  at  Calder.  The  color  is  white  with  faint 
gray  veins  and  cloudy  areas.  The  exposures  near  the  beach  are 
badly  fractured.  In  one  set  of  fractures,  which  strikes  N.  60°  E., 
nearly  all  the  openings  are  filled  with  quartz,  which  stands  out  in 
relief  on  the  weathered  surfaces.  These  quartz  seams  are  nearly 
vertical  and  are  spaced  from  3  or  4  inches  to  many  feet  apart. 
A  small  geode  of  quartz  crystals  was  noted  in  the  marble  exposed 
in  the  wall  of  the  quarry  pit.  The  presence  of  siliceous  material 
in  the  marble  may  render  the  stone  slightly  difficult  to  saw  uniformly. 
Several  metadiabase  dikes  cut  the  marble  beds.  Near  the  quarry 
one  dike  which  is  much  jointed  and  has  been  faulted  and  deformed 
ranges  from  12  to  18  inches  in  thickness,  strikes  N.  40°  E.,  and  dips 
steeply  southeast.  Wright  considers  that  the  dikes  were  intruded 
and  later  disturbed,  all,  however,  prior  to  the  metamorphism  of  the 
limestone  beds. 

In  the  bluflFs  northeast  of  the  El  Capitan  quarry  at  200  to  400  feet 
above  sea  level  are  exposures  of  medium-grained  light-blue  marble 
which  has  been  prospected  by  pits  and  trenches,  and  about  half  a 
mile  above  the  mouth  of  a  small  creek  that  empties  near  the  sawing 
plant  are  exposures  of  fine  to  medium  grained  white  marble,  all  of 
which  are  included  within  the  El  Capitan  group  of  claims. 

Three  thin  sections  of  these  marbles  were  examined  by  T.  N.  Dale. 
A  section  of  the  marble  from  the  quarry  opening  showed  an  uneven 
texture  and  proved  to  have  a  grain  diameter  ranging  from  0.05  to 
0.75  millimeter,  but  mostly  between  0.125  to  0.5  millimeter.  Rosiwal 
measurements  showed  an  average  grain  diameter  of  0.0059  inch,  or 
0.15  millimeter.  A  section  of  the  white  marble  exposed  half  a  mile 
up  the  creek  above  the  sawing  plant  showed  a  grain  diameter  of  0.05 
to  0.5  millimeter,  mostly  from  0.07  to  0.25  millimeter,  with  an  esti- 
mated average  diameter  of  0.125  millimeter,  indicating  that  the  grain 
is  medimn.  The  texture  is  even.  A  section  of  another  specimen  of 
white  marble  from  the  same  deposit  showed  a  grain  diameter  of  0.05 
to  0.375  millimeter,  mostly  between  0.125  and  0.5  millimeter.  The 
texture  is  uneven.  Rosiwal  measurements  showed  an  average  grain 
diameter  of  0.0052  inch,  or  0.132  millimeter. 

KOSCIUSKO  ISLAND. 

On  Kosciusko  Island,  on  the  opposite  side  of  the  channel  from  the 
El  Capitan  marble  claims,  are  exposures  of  marble  (No.  30),  most  of 
which  is  grayish,  although  some  is  nearly  white.  This  marble  is 
rather  fine  grained  and  is  cut  by  fractures  filled  by  siliceous  seams 
like  those  on  the  El  Capitan  property.  These  seams  are  one-sixteenth 
to  one- fourth  inch  thick,  are  spaced  from  4  inches  to  4  feet  apart, 
strike  N.  50°  E.,  and  are  nearly  vertical.    According  to  practical 
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marble  men  the  presence  of  quartz  seams  in  such  abundance  as  these 
renders  the  marble  of  very  doubtful  commercial  value.  Toward  the 
east  and  south  along  this  shore  of  Kosciusko  Island  the  marble  grad- 
nally  merges  into  less  metamorphosed  limestone.  At  Aneskett  Point 
the  rock  is  a  dense  fine-grained  limestone,  much  fractured  and 
seamed  with  calcite. 

In  the  eastern  part  of  Kosciusko  Island,  between  the  southwest 
base  of  Pyramid  Peak  and  the  head  of  Tokeen  Bay,  three  claims  of 
160  acres  each  (No.  81)  have  been  located  by  the  Vermont  Marble 
Co.  The  marble  here  lies  south  of  the  granitic  mass  that  is  believed 
to  have  produced  the  metamorphism  of  the  marble  deposits  of  Calder 
and  the  EI  Capitan  claim  farther  north.  The  deposit  is  exposed  for 
about  200  feet  in  a  steeply  sloping  bluff  20  to  30  feet  high  on  the  left 
bank  of  a  small  mountain  creek  that  flows  south  westward  into  Tokeen 
Bay  about  half  a  mile  distant.  At  the  lower  end  of  the  exposure  the 
marble  is  dark  bluish  gray  and  fine  grained,  but  the  greater  part  of 
the  deposit  is  medium  grained  and  white  and  is  thinly  veined  with 
dark-gray  or  yellowish  seams.  On  the  exposed  face  the  marble  is 
very  soft  and  crumbly,  almost  saccharoidal,  and  it  was  difficult  to 
obtain  a  sample  firm  enough  to  be  carried  away.  The  beds  are  cut  by 
numerous  joint  planes.  Prospecting  has  been  done  by  blasting  and 
by  core  drilling  nearly  at  right  angles  to  the  face,  which  seems  to 
represent  a  steep  dip  slope.  The  prospects  are  about  200  feet  above 
sea  level.  To  transport  the  marble  to  tidewater  it  would  be  necessary 
to  build  one-half  to  three- fourths  of  a  mile  of  tramway  through  some 
rather  rough  country. 

On.  the  southeast  shore  of  Kosciusko  Island  northeast  of  Edna 
Bay  outcrops  of  dull  to  dark  gray  limestone  alternate  with  narrow 
areas  of  graywacke  for  2  miles  or  more.  The  limestone  is  cut  by  *  - 
basaltic  dikes  and  is  everywhere  badly  cracked.  At  the  contact  with 
some  dikes  it  is  locally  metamorphosed  to  marble,  but  the  marble 
thus  produced  is  probably  not  of  uniform  quality  nor  of  sufficient 
extent  to  be  of  commercial  value.  On  the  shore  3  or  4  miles  north- 
east of  Edna  Bay  a  small  area  of  fine-grained  red  and  white  mottled 
Umestone  was  noted,  and  a  short  distance  inland,  along  a  small 
stream  (No.  32),  occurs  an  area  of  fine-grained  variegated  marble  in 
which  stone  of  yellow,  sienna,  and  red  shades  predominates.  This 
is  the  same  bed  as  the  variegated  limestone  on  the  north  side  of 
Heceta  Island  (p.  76).  Claims  have  been  located  in  this  area  by 
W.  C.  Waters,  of  Wrangell,  Alaska,  and  have  been  extensively  pros- 
pected by  the  Vermont  Marble  Co. 

A  sample  of  brecciated  fine-grained  green  limestone,  seamed  by 
veins  of  pink  calcite,  was  sent  to  the  Survey  by  W.  C.  Waters  in 
the  winter  of  1915  from  Kosciusko  Island,  "  7  miles  from  Holbrook," 
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probably  in  a  southwest  direction,  which  places  it  near  locality  32. 
The  green  limestone  is  more  or  less  mottled  by  dark  and  light  green 
fragments,  which,  together  with  the  pink  veins,  would  probably  pro- 
duce a  handsome  effect  in  a  polished  surface.  The  rock  shows 
slickensides,  is  very  brittle,  and  breaks  rather  easily;  therefore  it 
might  be  difficult  to  work  into  large  slabs.  Mr.  Waters  states  that 
the  rock  strikes  northwest  and  extends  over  an  area  100  by  300  feet ; 
that  the  covering  is  moss,  timber,  and  brush ;  and  that  the  formations 
with  which  the  green  rock  is  associated  are  limestone  and  con- 
glomerate. 

Another  interesting  sample  sent  by  Mr.  Waters  is  a  conglomerate 
of  fine-grained  light-gray  limestone  pebbles  in  a  pink  calcareous 
matrix  cut  by  thin  veins  of  yellowish  calcite  filling  fault  fissures. 
This  rock  is  a  little  harder  than  the  breccia  described  above  and 
would  undoubtedly  polish  well  and  produce  a  handsome  effect.  It 
is  not  known  whether  large  blocks  are  available.  The  locality  is 
given  as  Kosciusko  Island,  "  6  miles  from  Holbrook,''  the  observed 
extent  of  the  material  as  400  feet  by  a  quarter  of  a  mile,  and  the  cover 
as  moss,  brush,  and  timber.  The  associated  foi'mation  is  reported 
to  be  limestone  striking  northwest. 

MARBLE  AND  ORR  ISLANDS. 
OEVEBAL  FEATURES. 

The  most  extensive  developments  of  marble  in  southeastern  Alaska 
are  in  the  northwestern  part  of  Marble  Island,  one  of  the  larger 
islands  in  Davidson  Inlet,  on  which  marble  was  first  discovered  in 
1899.  Quarrying  has  also  been  begun  on  Orr  Island,  just  across  the 
narrow  inlet  from  Marble  Island. 

Marble  Island  extends  about  3  miles  from  east  to  west  and  about 
4  miles  from  north  to  south.  Its  surface  is  densely  wooded  and  is 
generally  of  moderate  relief,  the  highest  point  noted  by  the  Coast 
and  Geodetic  Survey  being  1,528  feet  above  sea  level.  According 
to  the  Wrights  ^  the  rocks  of  both  Marble  and  Orr  islands  are  classi- 
fied as  limestone  and  other  sedimentary  rocks,  together  with  schists 
and  volcanic  tuffs,  all  of  Paleozoic  age.  Much  of  the  limestone  in  this 
area  has  been  metamorphosed  to  a  high-grade  marble. 

VEBMOVT  MABBLE  OO.ni  PB0PEBTZE8. 

Certain  marble  claims  that  were  located  in  the  northwestern  part 
of  Marble  Island  in  1903  have  been  purchased  by  the  Vermont 
Marble  Co.,  which  has  opened  large  quarries  (No.  33)  and  built  a 
small  village  named  Tokeen.  The  total  area  held  by  the  company 
aggregates  703J   acres,  according  to  the  plat  of  mineral  survey 
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Xo.  927,  made  by  L<.  D.  Ryus,  deputy  mineral  surveyor  of  Ketchikan. 
(See  fig.  3.) 

Bhie-bhu^k  limestone. — The  marble  in  the  main  quarry  is  massive 
and  has  yielded  no  fossils  except  crinoid  buttons,  but  it  overlies  thin- 
bedded  blue-black  limestone  which  has  yielded  fossils  of  probable 
Silarian  age,  consisting  of  Merestina  sp.,  Clorinda  sp.,  Conocardmm 
5p..  Trochanema  sp.,  Favosites  sp.,  and  Cyclonema  sp.,  as  determined 
bv  Edwin  Kirk,  of  the  United  States  Geological  Survey. 


FiGDBB  3. — Sketch  map  showing  claims  of  Vermont  Marble  Co.  on  Marble  Island. 

Southwest  from  the  Tokeen  wharf,  along  the  shore  of  the  island, 
an  alternation  of  limestone  beds,  intrusive  rocks,  and  marble  occurs, 
but  the  blue-black  limestone  crops  out  around  the  cove  in  which 
the  wharf  is  situated,  and  near  the  company's  office  a  small  area  has 
been  stripped  and  several  blocks  of  the  stone  have  been  taken  out. 
The  rock  is  fine  grained  and  dense  but  is  much  fractured  and  jointed. 
The  openings  have  been  cemented  with  white  calcite.  The  beds 
range  from  1  foot  or  less  to  3  feet  in  thickness  but  on  weathering 
separate  into  thin  layers  1^  to  5  inches  thick.  (See  PI.  X,  A,)  The 
joints  separate  the  rock  in  places  into  small  blocks  only  1  inch  to 
3  or  4  inches  on  an  edge.  The  material  takes  a  fine  dark  polish. 
(See  PI.  VIII,  B.)  The  rock  is  very  brittle  and  breaks  easily,  not 
only  along  the  calcite-filled  joint  cracks  but  also  along  the  lanur 
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tions  parallel  to  the  bedding  planes.  Probably  most  of  the  surface 
material  will  have  to  be  rejected,  but  at  greater  depth  the  joint 
cracks  appear  to  become  fewer  and  the  rock  tougher.  The  white 
calcite  streaks  that  intersect  the  dark  surface  produce  very  attractive 
effects  in  the  polished  stone  and  it  was  expected  that  the  material 
would  be  quarried  and  marketed  as  "  black  marble." 

T.  N.  Dale  examined  a  thin  section  of  tMs  blue-black  limestone 
and  found  that  it  consists  of  calcite,  mostly  untwinned,  measuring 
with  the  micrometer  0.009  to  0.094  millimeter,  but  mostly  0.02  to 
0.047  millimeter,  and  averaging  probably  about  0.05  millimeter, 
and  is  therefore  to  be  classified  as  of  fine  grain.  The  microscope 
reveals  sparse  minute  opaque  specks,  probably  carbonaceous  ma- 
terial, and  some  cubes  of  pyrite. 

The  overburden  consists  of  forest  growth  and  decayed  wood  and 
mold  li  to  3  feet  thick.  The  rocks  dip  38°-40®  NE.,  and  the  edges 
of  their  tilted  beds  have  been  cut  by  solution  into  a  very  irregular 
surface.  The  tramway  from  the  wharf  to  the  marble  quarry  passes 
the  opening  on  the  blue-black  limestone,  so  that  the  material  can  be 
handled  with  a  minimum  of  expense. 

White  and  veined  marble. — Eastward  from  Tokeen  the  blue-black 
limestone  passes  beneath  the  deposit  of  white  marble,  which  extends 
to  and  probably  far  beyond  a  small  bight  on  the  north  side  of  Marble 
Island,  400  feet  from  the  quarry.  The  belt  of  marble  and  dark  lime- 
stone is  probably  2,500  feet  or  more  in  width,  and  it  extends  south- 
eastward into  the  interior  of  the  island  for  a  much  greater  distance — 
possibly  entirely  across  to  Orr  Inlet.  The  color  of  the  marble  ranges 
from  nearly  white  with  dark-gray  and  black  veins  to  light-gray  and 
grayish-blue  shades.  The  grain  is  medium  fine  and  fairly  imiform. 
The  marble  takes  a  good  polish,  and  is  said  to  resemble  certain  grades 
of  Italian  marble.  Exceptionally  grains  of  iron  pyrites  are  present. 
The  marble  having  dark  veins  on  a  white  background  is  very  much 
in  demand  at  present  for  interior  decoration.  Blocks  are  sawed  into 
slabs,  which  may  be  matched  so  as  to  form  certain  nearly  synmiet- 
rical  patterns.  Such  slabs  have  been  used  in  a  large  number  of 
buildings  near  the  Pacific  coast.  (See  "  Uses  of  Alaska  marble,"  pp. 
110-112  and  Pis.  XVI  (p.  78),  XXIII  (p.  92),  XXIV  (p.  93),  and 
XXV  (p.  94).) 

Thin  sections  of  the  marble  from  Tokeen  were  studied  micro- 
scopically by  T.  N.  Dale.  A  section  of  the  white  marble  showed  a 
grain  diameter  of  0.07  to  1.5  millimeters,  mostly  0.52  to  0.2  milli- 
meter, with  an  estimated  average  diameter  of  0.31  millimeter,  fall- 
ing within  the  limits  of  medium  grain.  The  textiue  is  very  uneven. 
One  section  is  crossed  by  a  band  of  very  fine  imtwinned  dolomite  (?) 
along  which  shearing  has  taken  place.  (See  PI.  VT,  B.)  A  section 
of  the  veined  white  and  gray  marble,  which  showed  a  very  uneven 
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texture,  includes  parts  that  are  extremely  fine  and  parts  that  are 
extremely  coarse,  but  in  most  of  the  section  the  grain  diameter 
ranges  from  0.025  to  0.625  millimeter,  mostly  0.1  to  0.875  millimeter. 
Id  the  very  coarse  portions  there  are  grains  with  a  maximum  diam- 
eter of  0.875  millimeter.  The  Rosiwal  measurements  gave  an  average 
grain  diameter  of  0.0051  inch,  or  0.13  millimeter.  The  grade  is 
therefore,  in  general,  medium.  The  rock  shows  streaks  of  very  fine, 
imtwinned  magnesian  calcite  grains  with  graphite.  A  large  gram 
of  pyrite  0.4  millimeter  in  diameter  was  noted. 

The  following  determinations  made  by  R.  K.  Bailey  show  that 
the  veined  marble  contains  considerable  magnesia : 

Anali/ses  of  tchite  and  veined  marble  from  Tokeen. 


los^ble  matter 

(^kium  carbonate  (CaCOa) . . . . 
Md^nesiiim  carbonate  C^^^Oi). 


White. 


0.01 

99.51 

.94 


Veined. 


0.20 
81.90 
14.93 


The  marble  appears  to  be  wholly  metamorphosed.  The  material 
is  massive  and  shows  no  indication  of  its  original  bedding,  but  it  is 
much  jointed  and  fractured  and  within  10  to  20  feet  of  the  surface 
is  rather  soft.  The  joint  planes  cut  the  deposit  at  many  angles  but 
may  perhaps  be  referred  to  several  systems,  the  two  principal  ones 
striking  about  N.  60°  E.  and  N.  40°  W.  The  dips  of  the  joint  planes 
are  likewise  at  many  angles,  and  the  spacing  of  the  joints  is  variable, 
ranging  from  a  few  inches  to  10  feet  or  more.  In  some  places  parallel 
joints,  or  "  headings,*'  are  rather  close  together,  rendering  it  impossi- 
ble to  obtain  blocks  large  enough  for  shipment,  but  elsewhere  blocks  4 
by  4  by  10  feet  free  from  cracks  may  be  easily  obtained.  Wedge-shaped 
Hocks  that  are  completely  separated  from  the  surrounding  mass  by 
smooth  joint  planes  are  occasionally  encountered  in  quarrying.  Near 
the  northeast  side  of  the  main  quarry  the  marble  is  cut  by  a  dike  of 
altered  andesite  porphyry,  8  to  16  inches  thick,  containing  much 
pyrite  and  dipping  17^-26*^  NE.    (See  PI.  XI,  A) 

The  jointed  structure  of  the  marble  is  the  most  serious  hindrance  to 
its  profitable  exploitation.  It  is  to  be  expected  that  joint  cracks 
should  be  present  at  the  surface  and  that  surface  water  should  descend 
along  these  cracks,  enlarging  them,  softening  the  marble,  and  oxidiz- 
ing it  to  a  faint  yellowidi  hue,  but  according  to  experience  in  many 
other  regions  it  might  be  expected  that  at  depths  of  40  to  60  feet  the 
joint  cracks  would  disappear  and  the  marble  become  solid.  To  the 
depth  quarried  in  1912  (60  feet) ,  however,  it  showed  joint  cracks  in 
places  (PI.  XI,  B)j  aijid  it  may  be  possible  that  the  widespread  vol- 
eanism  to  which  the  Pacific  coast  of  northwestern  North  Amerir 
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has  been  subjected  has  disturbed  the  rocks  generally  to  much  greater 
depths  than  in  other  marble-quarrying  regions. 

The  white  marble  was  also  analyzed  in  the  chemical  laboratory  of 
the  Bureau  of  Standards,  with  the  following  results : 

Chemical  analysis  of  tchite  marble  from  Tokeen. 

Iron  oxide  (Fe^)- Trace. 

Alumina  (A1,0.) _    0.14 

Lime  (CaO) 55.80 

Maf^esla    (Mj?^)) .47 

Sulphur  trioxide  (SO.) Trace. 

Loss    43.77 

Carbon  dioxide    (CO,) 43.86 

Insoluble   residue .26 

Elydrogen  sulphide  (HiS) Not  detected. 

Sample  has  99.5  per  cent  CaCO«. 

The  following  physical  tests  were  made  for  the  Geological  Survey 
by  the  Bureau  of  Standards  on  a  representative  sample  of  the  veined 
marble  from  Tokeen.  The  compression  tests  show  that  this  marble 
possesses  slightly  higher  compressive  strength  than  some  of  the  best- 
known  Vermont  marbles.^ 


Physical  tests  of  marble  from  Tokeen,  Alaska, 


Compressive  strenii^th 
(pounds  persquareinch). 

Absorption 

(percent  by 

weight). 

Spedflc  gravity. 

• 

Condition  after  30 
freezings. 

1 

SfoduJiisof 

rupture  on 

transverse 

test. 

Dry. 

Wet. 

Apparent. 

True. 

Loss  in 

weight  (per 

cent). 

("^impressive 
stren^h 

(pounds  per 
square 
inchKa 

12,S»4 
14,547 
14,452 
12,255 

Av.  13,537 

12,532 
12,843 
15,097 
13,196 

Av.  18,417 

0.104 
.101 
.002 

2.715 
2.716 
2.716 

2,720 
2.734 
2.720 

0.02 
.02 
.02 

13,598 
13,481 
12,628 

i,5.y5 

1,H22 
1,748 

Av.  .009 

A  V.  2.715 

A  V.  2.728 

Av.  13,235 

Av.  1,709 

Porosity,  0.48.  a  Loss  in  compressive  strength,  2.22  percent. 

Quarries. — ^The  main  quarry  operated  by  the  Vermont  Marble  Co. 
on  Marble  Island  in  1912  is  about  900  feet  northeast  of  the  shore 
of  the  small  cove  at  the  northwest  comer  of  the  island,  at  an  alti- 
tude of  about  15  feet  above  the  wharf.  In  places  bare  knobs  of 
marble  are  exposed  in  the  vicinity  of  the  quarry,  but  the  surface 
of  the  marble,  which  is  very  irregular  (PL  X,  fi)  as  a  result  of  solu- 
tion and  erosion,  is  generally  covered  by  1^  to  8  feet  of  decayed 
wood  and  mold.    In  places  the  roots  of  trees  have  followed  the 

*  Marble  from  South  Dorset :  Avenge  compresstve  strength  per  square  inch,  on  bed. 
11,300  pounds ;  on  edge,  9,100  pounds.  Marble  from  West  Rutland :  Compressive 
strength  per  square  inch,  "  Bztra  dark  bine,"  18,689  pounds;  **  Rutland  Italian,** 
14,068  pounds ;  **  Rutland  statuary,**  11.525  pounds.  Dale,  T.  N.,  The  commercial  marbles 
of  western  Vermont :  U.  S.  GeoL  Survey  Bull.  521,  pp.  101,  121,  1012. 
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crevices  in  the  rock  to  depths  of  5  or  6  feet.  Trees  and  stumps  are 
removed  by  derricks,  and  the  soft  mold  by  hand.  The  first  small 
opening  (PI.  XII,  A)  was  abandoned  at  a  depth  of  about  20  feet 
on  account  of  several  joint  cracks  1  to  6  inches  or  more  apart  in 
the  northwest  end  of  the  cut.  These  joints  dip  steeply  toward  the 
north,  and  the  quarrying  was  shifted  far  enough  northwest  to  avoid 
them  for  a  time.  This  dip,  however,  brings  them  back  into  the 
quarried  area' at  a  depth  of  about  50  feet,  and  at  60  feet  they  are  ap- 
fiarently  about  as  numerous  as  at  the  surface. 

In  September,  1912,  the  top  of  the  quarry  opening  measured 
roughly  90  by  100  feet,  and  the  depth  ranged  from  10  to  60  feet. 
About  one-half  of  the  area  had  been  quarried  to  the  maximum  depth. 
Methods  of  quarrying  commonly  in  use  at  well-known  marble  quar- 
ries in  the  Eastern  States  are  employed.  (See  PI.  XIII.)  The 
e<iuipment  in  the  main  quarry  consisted  of  the  necessary  drills,  seven 
Sullivan  single  channeling  machines,  four  gadders  and  pumps,  all 
operated  by  steam  power  generated  by  a  126-horsepower  boiler  near 
the  quarry,  and  a  complete  machine  shop.  The  blocks  of  marble  are 
lifted  from  the  quarry  by  a  25-ton  derrick  and  are  carried  to  the 
wharf  (PL  XII,  i?)  on  flat  cars  running  on  a  standard-gage  track. 
The  loaded  cars  move  by  gravity  and  are  drawn  back  to  the  quarry 
'^y  *  iV-ii^ch  steel  cable.  Waste  rock  is  also  trammed  down  to  the 
wharf  and  dumped  into  the  water  alongside  the  pier.  Deep  water 
is  reached  by  a  pier  about  150  feet  long.  A  25-ton  stiff-leg  derrick 
for  unloading  cars  and  loading  marble  on  boats  is  operated  by  a 
small  steam  boiler  on  the  shore  near  the  wharf. 

In  September,  1912,  a  space  of  1^  acres  about  375  feet  southeast  of 
the  main  quarry  was  being  cleared  for  a  new  quarry.  (See  PI.  X,  B,) 
The  highest  knobs  of  marble  rise  here  to  about  35  feet  above  the  level 
of  the  wharf.  The  marble  at  this  new  opening  is  chiefly  white  with 
bluish-gray  to  black  veins  and  clouds  similar  to  that  at  the  first 
quarry,  but  the  deposit  contains  more  dark-veined  stone.  One  dike 
of  meta-andesite  1^  to  2  feet  thick,  striking  N.  35°  W.  and  dipping 
78"*  SW.,  was  noted.  A  full  equipment  had  been  installed,  and  in 
1913  and  1914  active  quarrying  was  carried  on  at  this  opening,  two 
or  three  courses  of  stone  having  been  removed.  It  is  reported  that 
below  the  surface,  as  far  as  quarried,  the  stone  is  fairly  free  from 
joints  and  fractures,  and  a  good  output  of  dark- veined  marble  seems 
assured. 

About  60  men  were  employed  in  connection  with  this  plant  in  1912. 
The  men  live  in  sanitary  and  comfortable  dormitories,  eat  excellent 
fare  at  a  conmiodious  mess  hall,  enjoy  generally  favorable  conditions 
under  which  to  work,  and  show  a  high  degree  of  efficiency.  Quarry- 
ing is  carried  on  for  eight  months  or  more  each  year.  The  winters 
are  not  severe,  and  operations  probably  can  be  carried  on  throughout 
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most  of  the  year  when  pipes  from  a  reservoir  are  laid  underground  so 
that  there  shall  be  no  danger  of  interruptions  by  freezing  of  the  water 
supply. 

Products. — ^Rough  blocks  4  by  4  by  6  to  10  feet  are  shipped  by 
freight  steamers  to  the  mill  of  the  Vermont  Marble  Co.,  at  Tacoma, 
Wash.,  where  they  are  sawed,  polished,  turned,  or  planed  for  interior 
decoration.  To  save  freight  only  perfect  blocks  are  shipped,  and 
therefore  considerable  material  is  wasted  at  the  quapry.  Some  of 
the  waste  marble  is  tranmied  down  to  the  wharf  and  used  as  filling. 
(See  PI.  XII,  B.)  According  to  the  absence  or  presence  of  joints  the 
proportion  of  waste  marble  quarried  may  vary  between  10  and  75  per 
cent.  The  marble  for  a  foot  or  more  on  each  side  of  most  fractures 
is  discolored  and  must  be  cut  away.  If  a  fractiire  crosses  the  block 
diagonally  or  near  the  middle,  it  may  render  the  whole  block  worth- 
less. If  cheap  power  is  developed,  it  might  prove  an  economy  to  oper- 
ate a  small  sawing  plant  at  Tokeen  in  order  to  work  the  waste  marble 
into  slabs  or  building  blocks. 

Other  prospects. — ^The  Vermont  Marble  Co.  has  prospected  claims 
about  1  mile  and  1\  miles  south  of  Tokeen  (No.  34).  At  one  point  a 
white  marble  of  about  the  same  texture  as  that  at  Tokeen,  but  some- 
what shattered,  is  exposed  in  a  small  quarry  at  the  base  of  a  low  bluff, 
where,  it  is  reported,  marble  was  obtained  many  years  ago  for  making 
tombstones.  The  surface  marble  here  has  been  softened  by  long 
exposure  to  atmospheric  agencies,  and  none  from  any  considerable 
depth  was  available. 

At  a  second  place  several  variegated  marbles  have  been  exposed  by 
prospect  pits.  The  most,  characteristic  varieties  are  colored  light  to 
dark  green,  bluish,  mottled  light  pink,  and  brownish  gray.  The 
mottled  character  is  due  to  the  presence  of  veins  and  nodules  of  fine- 
grained, dense  calcareous  material  having  a  cherty  appearance.  The 
green  varieties  are  veined  with  grayish  green,  darker  than  the  body 
of  the  rock.  The  rock  is  massive  and  jointed  and  is  cut  by  a  thin 
dike  of  meta-andesite  striking  N.  40°  W.  The  deposit  was  pros- 
pected by  three  or  four  drill  holes,  60  to  94  feet  deep,  which  showed 
that  the  green  stone  changed  to  gray  or  bluish  within  15  to  25  feet 
from  the  surface.  A  small  area  was  next  stripped  by  hand,  and  two 
or  three  shallow  pits  were  opened  by  a  channeling  machine,  in  the 
hope  of  developing  a  supply  of  desirable  green  marble.  A  wooden 
track  on  an  incline  was  built  from  the  test  pits  a  short  distance  down 
to  the  water,  in  order  to  get  out  a  few  sample  blocks  of  stone,  and 
testing  operations  have  been  continued  from  time  to  time  since  1912. 

Between  these  two  prospects  there  is  a  beach  about  1,600  feet  in 
length,  along  the  greater  part  of  which  marble  beds  are  exposed. 
The  marble  is  veined  and  is  white  to  grayish.  It  is  cut  by  several 
meta-diabase  dikes  8  inches  to  2^  feet  thick,  some  of  which  are  broken 
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and  distorted.  One  dike  noted  had  been  faulted  and  offset  hori- 
zontally a  few  feet,  but  the  marble  that  filled  the  space  between  the 
*  broken  ends  of  the  dike  showed  only  a  flowage  structure  without  a 
definite  fault  plane.  The  intrusion  of  the  dike  and  the  deformation 
of  the  beds  through  which  it  passes  probably  preceded  the  metamor- 
phism  that  produced  the  marble. 

Thin  sections  of  two  samples  of  the  variegated  marble  from  the 
deposit  1^  miles  south  of  Tokeen  were  examined  by  Messrs.  Dale 
and  Loughlin.  The  brownish-gray  cterty-appearing  material  is  of 
very  irregular  texture.  The  grain  diameter  of  tlie  finer  matrix,  which 
consists  of  untwinned  calcite,  ranges  from  0.025  to  0.075  millimeter, 
with  an  estimated  average  of  0.03  millimeter.  The  coarser  calcitic 
part  shows  a  grain  diameter  of  0.05  to  1.125  millimeters,  mostly  be- 
tween 0.12  and  0.5,  with  an  estimated  average  of  0.23  millimeter. 
Muscovite  or  phlogopite  crystals  reaching  a  length  of  0.047  milli- 
meter are  widely  disseminated.  One  grain  of  pyrite  0.7  millimeter  in 
length  was  noted.  A  lens  of  dense  dark  granular  material,  cracked 
and  veined  with  twinned  calcite,  appears  in  the  section.  The  texture 
of  the  greenish  marble  was  also  found  to  be  very  irregular.  The 
grain  diameter  of  the  finer  matrix,  most  of  which  is  probably  un- 
twinned calcite,  is  0.02  to  0.12,  most  of  the  prominent  grains  ranging 
from  0.05  to  0.07,  with  an  estimated  average  of  0.03  millimeter. 
The  grain  diameter  of  the  coarser  part,  which  is  calcitic,  ranges  be- 
tween 0.12  and  0.87  millimeter,  with  an  estfmated  average  of  0.24 
millimeter.  Much  pyrite  and  a  light-brownish  mica  (biotite)  are 
present  throughout  the  section,  and  some  dark-grayish,  very  fine 
grained  bands,  cracked  and  veined  with  calcite,  are  prominent. 
These  bands  contain  much  fine  epidote,  scarce  hornblende,  and  pos- 
sibly some  quartz  and  other  silicate  minerals  not  easily  susceptible  of 
recrystallization,  indicating  that  the  rock  stretched  and  fractured 
and  the  relatively  pure  carbonate  rock  recrystallized  and  "flowed" 
into  the  stretch  fractures. 

The  following  determinations  by  R.  K.  Bailey  indicate  that  there 
may  be  some  cherty  material  in  the  brownish-gray  rock: 

AtialyMes  of  brotcnish-gray  marble  from  deposit  1^  mites  south  of  Tokeen, 


I 

Ia«4able  matter 

i     ("Akbam  carbonate  (CaCOi) .... 

KaSDeaiiim  carbonate  (MgCOi) 


Brown 
rock. 


20.77 

78.66 

1.87 


Oreen 
rock. 


7.82 

91.70 

1.21 


limestone,  slightly  metamorphosed  in  places  but  generally  a  fine- 
grained bluish  rock  much  fractured  and  seamed  with  calcite,  alter- 
nating with  graywacke,  forms  the  coast  line  around  most  of  the 
west  and  south  sides  of  Marble  Island.    A  considerable  area  of  true 
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marble,  however,  occurs  along  the  middle  of  the  east  side  of  the 
island  and  on  the  west  side  of  Orr  Island,  which  is  separated  by  a 
narrow  channel  from  Marble  Island. 

MI8BZ0V.ALA8KA  QVARKY  00. 

A  group  of  claims  lying  on  both  Marble  and  Orr  islands  (Xo. 
35)  and  crossing  Marble  Passage,  the  channel  between  them,  is  under 
development  by  the  Mission- Alaska  Quarry  Co.,  of  San  Francisco, 
Calif.  On  Marble  Island  rocks*of  two  colors  occur,  one  nearly  white, 
the  other  grayish  blue.  The  light-colored  marble  lies  south  of  the 
blue  marble  and  apparently  overlies  it,  although  the  stratigraphic 
relations  of  the  two  are  not  wholly  clear.  A  small  bluff  of  white 
marble  is  exposed  at  the  water's  edge  almost  directly  opposite  the 
quarry  on  Orr  Island.  This  marble  is  massive  and  of  medium  grain 
for  15  to  20  feet  above  the  water.  Higher  up  the  slope  the  weathered 
surface  shows  thick  layers,  and  the  grain  is  somewhat  finer.  Only 
a  little  prospecting  has  been  done  here. 

The  blue  marble  crops  out  in  a  low  swampy  tract  along  the  shore 
about  half  a  mile  northeast  of  the  bluff  of  white  marble.  It  is 
dense,  hard,  and  fine  grained  and  shows  white  calcite  streaks  along 
bedding  and  joint  planes.  It  appears  to  be  more  nearly  a  true 
marble  than  the  thin-bedded  blue  limestone  at  Tokeen,  which  it 
nevertheless  resembles  somewhat  in  character.*  Weathering  has  ac- 
centuated the  bedded  character  of  the  rock  along  exposed  edges. 
The  dip  of  these  beds  is  steep  toward  the  northwest.  A  little  pros- 
pecting and  sampling  have  been  done  on  this  deposit  in  the  way  of 
assessment  work. 

A  thin  section  of  the  blue  marble  examined  by  T.  N.  Dale  appears 
to  be  composed  of  a  fine-grained  groundmass  containing  streaks  of 
graphite  and  crossed  by  coarse  veins.  Micrometer  measurements 
showed  the  groundmass  to  have  a  grain  diameter  ranging  from  0.02 
to  0.14  millimeter,  but  mostly  between  0.03  and  0.094  millimeter, 
with  an  estimated  average  of  0.04  millimeter.  The  vein  material 
showed  a  grain  diameter  of  0.1  to  1  millimeter,  mostly  0.25  to  0.5 
millimeter. 

On  the  Orr  IslancT  portion  of  the  property  considerable  prospecting 
and  development  have  been  done,  affording  better  opp<frtunity  for  in- 
spection than  on  the  Marble  Island  portion.  In  September,  1912,  the 
timber  had  been  cleared  along  the  water  front,  and  a  space  about  50 
feet  square  had  been  stripped  and  opened  for  quarrying  about  25  feet 
above  high  tide.  (See  PI.  XIV.)  The  overburden  is  similar  to  that 
at  the  quarries  of  the  Vermont  Marble  Co.  on  Marble  Island.  The 
surface  of  the  marble  is  much  furrowed  and  pitted  by  solution, 
and  joints  and  fractures  from  a  few  inches  to  several  feet  apart  are 
numerous,  but  they  seem  to  close  up  and  to  become  fewer  even  at  the 
slight  depth  reached  by  the  quarry.    The  marble  exposed  is  of  mod- 
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erately  coarse  grain,  with  a  cream-colored  to  bluish-white  ground- 
mass  veined  with  dark  gray,  and  in  places  shows  mottled  effects. 
Xear  the  surface  the  veins  producing  the  mottling  are  oxidized  to  a 
brownish  color.  The  appearance  of  the  mottled  stone  suggests  that 
it  may  have  been  derived  from  a  conglomerate,  the  pebbles  of  which 
have  been  compressed  in  one  direction  and  stretched  in  another  dur- 
ing metamorphism.  Both  the  veined  and  the  mottled  types  of  stone 
are  handsome  in  the  rough  as  well  as  when  polished.  (See  PL 
XV,  A.)  The  marble  in  the  north  side  of  the  quarry  is  cut  by  a  dike 
of  andesite,  somewhat  altered  and  containing  considerable  pyrite. 
For  most  of  its  length  the  thickness  of  this  dike  ranges  from  2  to  6 
feet,  but  it  thins  abruptly  and  terminates  in  a  few  irregular  branch- 
ing veins  only  a  fraction  of  an  inch  in  thickness.  This  dike  strikes 
about  S.  20®  E.  and  dips  steeply  northeast.  A  similar  and  approxi- 
mately parallel  dike  was  recognized  at  a  prospect  about  100  feet 
northeast  of  the  quarry. 

A  thin  section  of  the  "  Dark  Mission "  veined  marble  from  this 
locality,  examined  by  T.  N.  Dale  and  G.  F.  Loughlin,  showed  an 
abnormal  and  irregular  texture.  The  stone  is  made  up  of  coarse  and 
fine  grained  parts ;  the  very  coarse  calcite  grains  have  curved  twin- 
ning planes  and  an  interesting  double  twinning,  and  the  fine  bands 
have  been  twinned  in  a  different  direction  by  a  secondary  movement 
A  little  pyrite  is  present.  The  coarse  part  shows  a  grain  diameter 
ranging  from  0.185  to  4.44  millimeters,  but  mostly  between  1.1  and 
2.2  millimeters.  The  large  grains  have  been  strained  and  curved  dur- 
ing shearing  or  mashing  along  their  boundaries  and  the  fine  part 
shows  granulation.  (See  PI.  XV,  B.)  The  estimated  average  diam- 
eter is  0.89  millimeter  and  the  grade  is  coarse.  The  grain  diameter 
of  the  fine  part  ranged  from  0.02  to  0.5  millimeter,  mostly  0.125  to 
0.25  millimeter,  with  an  estimated  average  of  0.1  millimeter.  A  sec- 
tion of  a  mottled  specimen  of  marble  showed  an  irregular  texture, 
with  slightly  elongate  grains,  and  a  few  streaks  of  fine  untwinned 
grains  of  calcite.  Micrometer  measurements  of  the  grain  diameter 
indicated  a  range  from  0.05  to  1.25  millimeters,  but  mostly  of  medium 
grain,  between  0.175  to  0.37  millimeter,  with  an  estimated  average 
of  0.25. 

Tests  by  B.  K.  Bailey  showed  that  both  of  these  marbles  are  high 
in  calcium  carbonate  and  contain  minor  amounts  of  silica  and  mag- 
nesia: 

Analyses  of  marble  from  Orr  Island, 
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When  visited  in  September,  1912,  the  quarry  had  been  opened  to 
a  depth  of  about  11  feet  only,  and  for  the  most  part  the  surface 
rock  had  not  yet  been  removed.  Two  drills  and  two  channelers, 
both  of  the  IngersoU  type,  were  in  operation,  and  six  or  seven  IQ-ton 
blocks  of  marble  from  the  second  bench  of  the  quarry  were  ready 
for  shipment.  The  first  consignment  of  blocks  from  this  quarry 
reached  San  Francisco  in  February,  1913,  and  small  shipments  have 
been  made  in  succeeding  years.  The  quarry  is  equipped  with  hand- 
power  derricks  capable  of  lifting  blocks  weighing  10  to  15  tons. 
The  marble  will  have  to  be  carried  by  scows  from  the  quarry  south- 
ward about  1  mile  and  transferred  to  freighters  in  deep  water. 
Marble  crops  out  at  intervals  for  several  himdred  feet  along  a  low 
bluff  parallel  to  the  beach  and  has  been  shown  to  underlie  the  whole 
group  of  claims,  but  its  depth  and  soundness  had  not  been  demon- 
strated by  the  drill  when  the  writer  visited  the  locality  in  1912.  It 
is  reported  that  openings  have  since  been  made  about  500  feet  farther 
north  and  that  the  rock  found  was  very  satisfactory  in  quality,  but 
that  the  beds  show  considerable  fracturing.  In  1914  progress  was 
reported  in  testing  by  means  of  core  drills  at  an  angle  of  about 
45^.  In  one  vertical  drill  hole  good  marble  more  or  less  fractured 
was  found  to  a  depth  of  99  feet. 

HECETA  AND  NEIGHBORING  ISLANDS. 

In  order  to  verify  several  reported  occurrences  of  marble  on  Heceta, 
Tuxekan,  and  smaller  neighboring  islands  practically  all  the  remain- 
ing shores  of  Sea  Otter  Sound  and  Davidson  Inlet,  as  well  as  parts 
of  Tuxekan  Passage  and  Tonowek  Bay,  were  examined.  The  cal- 
careous rocks  bordering  these  shores  proved  to  be  for  the  most  part 
nonmetamorphosed  limcvstone,  principally  of  the  gray  or  blue  fine- 
grained brittle  type,  with  fractures  filled  with  calcite.  Near  the 
middle  of  the  north  side  of  Heceta  Island  (No.  36)  is  an  exceptional 
limestone  colored  pink,  red,  chocolate,  green,  yellow,  and  white,  with 
mottled  effects.  The  stone  is  fine  grained,  hard,  and  dense  and  takes 
an  excellent  polish.  (See  PI.  XVII.)  Some  of  it  is  conglomeratic. 
It  has  been  somewhat  fractured  and  recemented  with  calcite,  but  it  is 
only  slightly  metamorphosed,  and  it  yielded  a  few  fossils,  among 
which  were  recognized  ConcMdiwm  sp.,  Capellinia  sp.,  Trochonema 
sp.,  HelioUtea  sp.,  and  a  pentameroid  ( ? ) .  These  forms,  according  to 
Edwin  Kirk,  are  of  late  Silurian  age.  This  limestone  crops  out  at 
the  head  of  a  small  bay  and  was  traced  southeastward  on  the  strike 
for  about  300  yards  and  to  an  altitude  of  50  feet  or  more  above  high 
tide.  In  places  the  colors  are  much  paler,  but  the  mottled  character 
persists,  and  much  of  the  stone  is  attractively  colored.  An  area  of 
graywacke  borders  this  limestone  on  the  west  and  north.    The  rock 
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is  covered  in  most  places  by  only  a  moderate  thickness  of  moss  and 
soil  and  supports  the  usual  growth  of  brush  and  timber.  Claims  lo- 
cated on  this  mottled  limestone  by  W.  C.  Waters  are  reported  to  have 
been  sold  to  the  Vermont  Marble  Co.  in  1914.  No  marble  was  found 
on  the  smaller  islands  within  this  area — Cap,  Hoot,  Owl,  Eagle, 
White  Cliff,  and  Green  islands. 

An  analysis  of  a  sample  of  this  mottled  limestone  by  R.  K.  Bailey 
showed  considerable  insoluble  material,  probably  mostly  silica  and 
iron  oxide: 

Analysis  of  mottled  limestone  from  Heceta  Island. 

Insoluble  matter 13. 18 

Galdom  carbonate  (CaCOt) 84.46* 

Kagneslum  carbonate  (MgCO») 2.85 

DALL  ISLAND. 
WATEBFALL  BAT. 

Samples  of  marble  obtained  near  Waterfall  Bay  (No.  87),  on  the 
west  coast  of  Dall  Island,  were  shown  to  the  writer  at  Ketchikan 
by  M.  D.  Ickis  in  1912  and  found  to  be  of  much  merit.  The  prin- 
cipal colors  are  white,  pink,  gray,  and  blue-black.  The  white  and 
pink  varieties  are  very  handsome,  the  pink  occurring  in  various 
delicate  shades  and  in  areas  mottled  with  white.  Some  of  the  white 
marble  is  veined  with  yellow.  Green  marble  is  reported  to  occur 
but  has  not  been  much  prospected.  The  white  and  pink  varieties 
appear  to  have  been  wholly  metamorphosed,  but  the  gray  and  blue 
varieties  appear  to  possess  the  characteristics  of  little-altered  lime- 
stone. The  grain  of  all  the  samples  is  fine,  that  of  the  gray  and 
blue  varieties  exceedingly  fine.  In  the  lighter-colored  varieties  cal- 
cite  crystals  larger  than  the  average  are  exceptionally  present,  but 
in  general  the  texture  is  uniform,  and  thin  pieces  of  the  stone  are 
as  translucent  as  alabaster.  This  marble  takes  a  very  high  polish. 
(See  Pis.  XVIII  and  XIX,  A.) 

These  marble  deposits,  which  were  not  visited  by  the  writer,  lie 
about  the  head  of  Waterfall  Bay,  near  the  middle  of  the  west  coast 
of  Dall  Island.  Twenty  claims  in  all,  aggregating  400  acres,  have 
been  located  under  the  names  Eurus,  Marble  Heart,  St.  Augustine, 
and  Marble  Bay  groups.  Openings  are  reported  to  have  been  made 
on  a  steep  hillside  about  300  feet  above  tide  level  and  about  1,000 
feet  from  the  beach.  Assessment  \70rk  is  said  to  have  been  done 
on  these  claims  as  late  as  1915.  A  few  dikes  of  ^^  trap  "  rock  1  foot 
to  4  feet  wide  are  reported  to  cut  the  blue  marble  beds.  The  rock 
is  probably  much  jointed,  as  many  of  the  samples  shown  to  the 
writer  displayed  one  or  more  smooth  joint  faces.  Blocks  of  the 
pink  marble  only  2  to  3  inches  wide  have  been  produced  by  parallel 
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joints.  It  is  said  by  interested  parties  that  enough  marble  is  avail- 
able in  these  claims  to  warrant  development  and  that  several  thou- 
sand dollars  has  been  expended  in  prospecting,  but  emphasis  should 
be  given  to  the  often  repeated  caution  that  the  regional  disturbances 
are  likely  to  have  badly  shattered  this  marble. 

Theodore  Chapin,  of  the  United  States  Geological  Survey,  visited 
the  Waterfall  Bay  region  in  the  summer  of  1915,  and  as  a  result 
of  his  observations  contributes  the  following  notes  on  the  geologic 
relations  of  these  marble  beds : 

The  geology  of  the  region  Is  simple.  South  of  the  bay  the  rock  Is  Umestone. 
The  dominant  color  Is  blue  to  black,  with  lighter-colored  areas  where  mar- 
marlzed.  Overlying  the  limestone  with  apparent  conformity  Is  schistose 
greenstone  containing  conglomerate  beds,  occupying  the  north  shore  of  the  bay. 
The  contact  extends  about  N.  75°  E.  from  the  cabin  at  the  head  of  the  bay. 
Both  limestone  and  green  beds  stand  nearly  vertical  but  dip  northwest  at 
high  angles  except  where  overturned.  The  best  marble  noted  occupies  a  belt 
of  varying  width  along  the  greenstone  contact  At  one  locality  marble  crops 
out  to  a  measurable  width  of  400  feet,  besides  a  considerable  thickness  of 
semlcrystalllne  limestone.  The  marble  has  been  exposed  by  surface  stripping 
for  several  hundred  feet  from  the  head  of  the  bay.  At  300  feet  from  the 
cabin,  at  an  altitude  of  220  feet,  the  foUowlng  section  is  exposed : 

Section  of  marble  on  Waterfall  Bay  900  feet  from  cabin. 

Greenstone.  PeeL 

Bluish-gray  marble  crops  out  only  at  Intervals 300 

Blue  and  white  mottled  marble 4 

Dike i 

Thin-bedded  white  marble  with  black  specks  and  white  mica..      4 
Pink-mottled  white  marble 13 

Blue  and  white  mottled  marble,  exposed 25± 

Base  concealed. 

The  best  commercial  marble  in  this  section  Is  the  13-foot  bed  of  pink-mottled 
white  marble.  The  upper  and  lower  parts  of  the  bed  are  even-textured, 
medium  to  fine  grained  white  marble  mottled  with  a  very  delicate  pink  tint 
luid  veined  with  irregular  threadlike  veinlets  of  yellow.  In  the  central  part 
of  the  bed  the  pink  color  Is  more  pronounced  and  the  rock  contains  much  white 
mica,  a  combination  that  produces  a  handsome  rock.  A  short  distance  beyond 
this  locality  the  following  section  Is  exposed : 

Section  of  marble  on  WaterfaU  Bay  600  feet  from  cabin,  at  an  altitude  of 

400  feet. 

Schistose  greenstone.  Peet 

Bluish-gray  marble  (in  part  mottled  and  veined  with  black) __  300 
Fine-grained  white  marble  with  brown  veinlets  carrying  mica 

and  pyrite , 26 

White  marble  with  green  patches  and  brown  veinlets 7 

Fine-grained   white  marble  with  brown  and  green  veinlets 
carrying  mica  and  pyrite,  contains  a  few  large  crystals  of 

calclte : 9 

White  and  pink  marble  with  green  areas 11 
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Feet. 

Fine-grained  white  marble  with  pyrite  in  tiny  veinlets  and 

dlflRmlnated  In  particles 16 

Qoarts  schist  containing  pyrite^ —      1 

White  marble,  with  pyrite  and  much  chlorite  in  tiny  stringers 

and  veinlets ^—    10 

Dike 2 

Concealed 15 

Bloe  limestone,  with  beds  of  jwhite  marble  and  schistOHe  beds, 
grading  downward  into  fossiliferons  limestone. 

The  white  and  pink  marble  with  mottled-green  an^s  is  vory  handsome  and 
nwifptible  of  a  high  polish,  except  where  the  green  minerals  predominate. 
The  greater  part  of  the  bed  is  white  and  pink  marble,  c<mii>o8ed  of  nearly 
pore  caidte  of  very  fine  grain,  the  individual  minerals  averaging  about  0.05 
millimeter  in  diameter.  The  Iwse  and  top  of  the  bed  are  variegated  with  green 
areas,  whidi,  combined  with  the  pink-mottled  white  rock,  give  a  very  striking 
efleet  Under  the  microscope  the  green  areas  are  seen  to  consist  of  serieite, 
filrtz,  and  chlorite;  the  white  and  pink  rock  is  essentially  calcite.  The 
gMt  thickness  of  bloish-gray  marble  at  the  top  of  the  measured  sections  con- 
titais  beds  of  ornamental  marble  of  commercial  value.  These  beds  are  black 
nd  white,  mottled  in  very  intricate  pattern,  and  bluish  white  with  black  vein- 
leu  This  rock  takes  a  smooth  polish. 

Utrble  crops  oat  at  several  places  along  the  south  shore  of  the  bay  between 
the  cabin  and  the  greenstone  contact.  Near  the  cabin  an  opening  has  been 
wde  on  a  bed  of  fine-grained,  even-textured  white  marble,  carrying  flakes  of 
vhite  mica.  Another  commercial  marble  on  this  bay  is  a  fine-grained  black 
iiriety  that  takes  a  good  polish.  The  polished  surface  shows  a  black  field 
with  white-mottled  areas  and  irregular  veinlets  of  white  calcite,  which  give  It 
aideasing  appearance. 

Two  specimens  of  the  marble  from  Dall  Island  were  examined  by 
T.  N.  Dale  and  Q.  F.  Loughlin.  A  section  of  the  white  variety  was 
ftrand  to  consist  of  plates  of  fine-grained  twiimed  calcite  in  a  matrix 
of  extra-fine,  untwinned  grains  of  calcite.  The  general  texture  of 
tbis  marble  resembles  that  of  a  marble  from  the  Huntley  quarry  at 
Uicester  Junction,  Vt.,  which  has  an  uneven  parallel  elongate  tex- 
ture with  alternate  irregular  tiers  of  large  and  small  grains,^  called 

Biser "  structure,  but  the  marble  from  Dall  Island  is  less  regular. 

The  twinned  calcite  plates  range  in  diameter  from  0.075  to  0.375 

ttllimeter  but  mostly  from  0.125  to  0.25  millimeter,  and  would  be 

n&sidered  of  medium  grain.    The  grain  diameter  of  the  matrix 

»»terial  is  fine,  measuring  from  0-009  to  0.087  milluneter.    (See  PL 
mn,  B.) 

The  other  specimen  consisted  of  fine-grained,  considerably  frac- 
wred  stone,  having  a  gray  groimdmass  containing  a  few  irregular 
itddish  mottlings  and  several  white  and  yellow  streaks  along  frac- 
^  planes,  also  some  granular  calcite  filling  former  openings  along 
Picture  planes.    The  section  showed  an  extra  fine  grained  ground- 

1^^*^^^' ^-^  The  commercial  marbles  of  western  Vermont:  U.  8.  Geol.  Sarvey  Bull, 
m.  IP.  147-148.  ag.  26,  1012. 
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Feet. 
Fine-grained  white  marble  witli  pyrite  in  tiny  yeinlets  and 

disseminated  in  particles 16 

Quartz  sciiist  containing  pyrite . —      1 

White  marble,  with  pyrite  and  much  chlorite  in  tiny  stringers 

and  veinlets 10 

Dike 2 

Concealed 15 

Blue  limestone,  with  beds  of  jnrhite  marble  and  schistose  beds, 

grading  downward  into  fossiliferous  limestone. 

The  white  and  pink  marble  with  mottled-green  areas  is  very  handsome  and 
susr^eptible  of  a  high  polish,  except  where  the  green  minerals  predominate. 
The  greater  part  of  the  bed  Is  white  and  pink  marble,  composed  of  nearly 
pare  caldte  of  very  fine  grain,  the  individual  minerals  averaging  about  0.05 
millimeter  in  diameter.  The  base  and  top  of  the  bed  are  variegated  with  green 
areas,  which,  combined  with  the  pink-mottled  white  rock,  give  a  very  striking 
effect.  Under  the  microscope  the  green  areas  are  seen  to  consist  of  sericite, 
quartz,  and  chlorite;  the  white  and  pink  rock  is  essentially  calcite.  The 
great  tlilckness  of  bluish-gray  marble  at  the  top  of  the  measured  sections  con- 
tains beds  of  ornamental  marble  of  commercial  value.  These  beds  are  black 
and  white,  mottled  in  very  intricate  pattern,  and  bluish  white  with  black  vein- 
lets.    This  rock  takes  a  smooth  polish. 

Marble  crops  out  at  several  places  along  the  south  shore  of  the  bay  between 
the  cabin  and  the  greenstone  contact  Near  the  cabin  an  opening  has  been 
made  on  a  bed  of  fine-grained,  even-textured  white  marble,  carrying  flakes  of 
white  mica.  Another  commercial  marble  on  this  bay  is  a  fine-grained  black 
variety  that  takes  a  good  polish.  The  polished  surface  shows  a  black  field 
with  white-mottled  areas  and  irregular  veinlets  of  white  calcite,  which  give  it 
a  pleasing  appearance. 

Two  specimens  of  the  marble  from  Dall  Island  were  examined  by 
T.  N.  Dale  and  G.  F.  Loughlin.  A  section  of  the  white  vainety  was 
found  to  consist  of  plates  of  fine-grained  twinned  calcite  in  a  matrix 
of  extra-fine,  untwinned  grains  of  calcite.  The  general  texture  of 
this  marble  resembles  that  of  a  marble  from  the  Huntley  quarry  at 
Leicester  Junction,  Vt.,  which  has  an  uneven  parallel  elongate  tex- 
ture with  alternate  irregular  tiers  of  large  and  small  grains,^  called 
"  flaser  "  structure,  but  the  marble  from  Dall  Island  is  less  regular. 
The  twinned  calcite  plates  range  in  diameter  from  0.075  to  0.375 
millimeter  but  mostly  from  0.125  to  0.25  millimeter,  and  would  be 
considered  of  medium  grain.  The  grain  diameter  of  the  matrix 
material  is  fine«  measuring  from  0.009  to  0.037  millimeter.  (See  PL. 
XVIII,  B.) 

The  other  specimen  consisted  of  fine-grained,  considerably  frac- 
tured stone,  having  a  gray  groundmass  containing  a  few  irregular 
reddish  mottlings  and  several  white  and  yellow  streaks  along  frac- 
ture planes,  also  some  granular  calcite  filling  former  openings  along 
fracture  planes.    The  section  showed  an  extra  fine  grained  ground- 

^Dale,  T.  N.,  The  commercial  marbles  of  western  Vennont:  U.  8.  Geol.  Surrey  Bull. 
521,  pp.  147-148,  fig.  26^  1912. 
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mass  crossed  by  a  band  0.66  millimeter  wide,  faulted  transversely, 
consisting  of  calcite  plates  0.094  to  0.56  millimeter  in  diameter.  The 
groundmass  shows  a  grain  diameter  ranging  from  0.02  to  0.14  mil- 
limeter, but  mostly  from  0.037  to  0.076  millimeter.  The  estimated 
average  diameter  is  0.01  millimeter,  and  the  grade  is  fine. 

An  analysis  of  the  white  marble  by  R.  K.  Bailey  gave  the  follow- 
ing percentages : 

AnalysU  of  tchite  marble  from  deposit  near  WaterfaU  Bay,  Ball  Island. 

Insoluble  matter 0.32 

Calcium  carbonate  (CaCOi) 90.50 

Magnesium  carbonate  (MgCC^) 1.03 


In  the  autumn  of  1914  and  earlv  in  1915  W.  C.  Waters  examined 
the  east  shore  of  Dall  Island  and  portions  of  Long  Island  and  sent 
to  the  Survey  samples  of  limestone  and  marble  collected  from  several 
localities  in  these  areas. 

Mr.  Waters's  notes  ^ow  two  narrow  areas  of  marble  striking  in  a 
westerly  direction  from  the  northern  part  of  Breezy  Bay  (No.  38) 
and  an  area  of  limestone  a  short  distance  to  the  south  of  the  marble. 
The  color  of  the  sample  of  marble  from  Breezy  Bay  is  uniformly  light 
gray,  and  the  texture  is  generally  fine  grained  and  dense  as  seen 
under  a  field  lens.  The  rock  is  evidently  ccHnposed  mainly  of  cal- 
cium carbonate.  The  ledge  is  reported  to  be  about  100  feet  wide  and 
to  stand  nearly  vertical,  with  a  west-southwest  strike.  So  far  as 
explored  there  was  little  cover  besides  moss  over  the  ledge. 

VIEW  GOVS. 

* 

Mr.  Chapin  also  visited  certain  portions  of  the  east  coast  of  Dall 
Island.  With  regard  to  a  deposit  near  View  Cove  (No.  39)  he 
furnishes  the  following  notes : 

Marble  deposits  occur  on  the  east  coast  of  DaU  Island  at  a  number  of 
places.  Near  the  head  of  View  Gove  a  stream  that  enters  from  the  southwest 
flows  in  a  gorge  foUowing  Joint  planes  in  the  marble.  This  stream  was  traversed 
from  the  beach  for  half  a  mile  and  in  that  distance  the  beds  strike  about  north- 
west, directly  across  the  course  of  the  stream,  and  stand  nearly  vertical.  Most 
of  the  marble  seen  is  pearl  to  gray  in  color  and  mottled  and  veined  with  white. 
At  one  locality  occurs  a  4-foot  band  of  yeUow  marble  with  a  green  stripe,  and 
bordering  it  Is  white  marble  mottled  with  yellow.  The  yellow  marble  takes  a 
good  polish  and  has  a  warm,  soft  tone.  Associated  with  these  beds  is  a  little 
bluish-black  marble.  A  polished  specimen  shows  a  black  field  variegated  with 
dark-gray  areas  and  tiny  veinlets  of  white  calcite. 

Mr.  Waters  also  reports  that  several  colored  varieties  of  marble 
occur  here,  including  white,  pearl,  light  with  black  veining,  black, 
green,  and  yellow,  and  has  sent  samples  of  the  pearl-colored,  gray- 
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veined,  yellow,  green,  and  black  varieties  to  the  Survey.  The  pearl- 
colored  rock,  in  the  hand  sample,  gives  brisk  effervescence  with  hydro- 
chloric acid  and  is  uniformly  fine  grained  and  dense,  except  for  a 
few  thin  streaks  of  crystalline  calcite.  The  color  is  not  uniform  but 
shows  gradations  from  pearl  to  gray.  A  few  small  specks  of  pyrite 
were  noted  along  a  fracture  plane.  A  thin  section  of  this  marble 
was  examined  by  G.  F.  Loughlin,  who  reports  that  the  material  shown 
is  nearly  all  even-grained  calcite  with  a  few  large  grains  (single 
or  aggregates)  as  much  as  2  millimeters  in  diameter.  The  fine  grains 
range  from  0.01  to  0.3  millimeter  in  diameter  and  average  about  0.08 
millimeter.  The  grade  of  texture  is  therefore  fine.  A  very  few 
niinute  black  grains,  some  certainly  of  pyrite,  were  noted ;  the  largest 
was  0.035  millimeter  in  diameter.  A  few  flakes  of  graphite  may  be 
included.  The  section  also  shows  a  very  few  grains  of  quartz  0.03  or 
0.04  mUlinieter  in  diameter. 

The  gray-veined  material  consists  of  medium-grained  calcite  with 
veins  and  spots  of  darker-gray  finer-grained  material  showing  close- 
folded  structure.  If  large  slabs  of  this  marble  could  be  obtained  the 
effect,  after  polishing,  would  be  very  handsome. 

The  black  marble  is  bluish-black  in  the  unpolished  sample.  It  is  a 
fine-grained,  dense  high-calcium  limestone,  possessing  the  color  and 
density  characteristic  of  rocks  that  are  susceptible  of  high  polish  and 
that  show  a  deep  black  color  on  polished  surfaces.  The  rock  is  brittle 
and  shows  fine  fractures  recemented  with  calcite,  and  for  this  reason- 
it  is  probably  questionable  whether  lai^e  thin  slabs  could  be  prepared 
from  it. 

The  yellow  sample  (see  PI.  XIX,  B)  is  generally  fine-grained, 
dense  high-calcium  marble.  It  takes  a  high  polish,  which  brings  out 
well  the  color,  a  warm  light  brownish  yellow  that  resembles  the  yel- 
low areas  in  the  Italian  Siena  marble.  This  color  in  the  hand  sample, 
which  is  3J  by  4  inches,  is  not  uniform  but  becomes  slightly  lighter 
toward  one  edge.  This  is  a  very  handsome  marble,  and  if  it  can 
be  obtained  in  large  quantities  and  the  conditions  for  quarrying 
and  transportation  are  favorable,  the  deposit  should  prove  to  be 
very  valuable. 

The  green  marble  is  also  fine  grained,  and  consists  mostly  of  cal- 
cite but  carries  dark  streaks  of  micaceous  carbonaceous  material  with 
considerable  pyrite.  The  general  effect  in  the  hand  sample  is  grayish 
with  clouded  areas  of  grayish  green,  streaks  of  black,  and  here  and 
there  mottlings  of  light  gray,  giving  altogether  a  very  attractive 
appearance.  The  rock  takes  a  high  polish  except  along  the  black 
streaks,  which  consist  of  material  harder  that  calcite. 

The  marble  in  the  vicinity  of  View  Cove  is  all  of  the  calcite 
variety. 
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Marble  is  reported  to  occur  on  the  north  shore  and  limestone  on 
the  south  shore  of  Coco  Harbor  (No.  40).  From  W.  C.  Waters's 
notes  it  is  inferred  that  the  beds  strike  west-northwest  and  dip  south 
and  that  large  dikes  of  ^^  greenstone  "  cut  the  beds  at  intervals  of  30 
to  40  feet,  with  small  dikes  between. 

Mr.  Chapin  also  noted  the  marble  on  the  northwest  side  of  Coco 
Harbor  half  a  mile  from  the  head.    He  writes  in  regard  to  it: 

Where  it  crops  out  along  the  beach  it  Is  evidently  faulted  against  gray  lime- 
stone. Back  from  the  beach  the  outcrops  are  too  few  to  determine  Its  re- 
lations accurately.  The  marble  is  white  to  gray.  Much  of  it  is  very  fine 
grained  and  pure  white,  and  portions  of  it  are  coarsely  crystalline  with  large 
flashing  crystals  of  caldte.  Pyrite  is  not  abundant  but  was  noted  in  places 
as  velnlets  and  disseminated  particles. 

A  sample  of  fine-grained  white  calcite  marble  was  sent  to  the  Sur- 
vey from  this  locality  by  Mr.  Waters.  It  appears  to  be  of  good 
white  color  but  is  a  little  soft  and  resembles  the  marble  on  the  shore 
of  Hood  Bay,  Admiralty  Island  (p.  54),  examined  by  the  writer. 
It  is  reported  to  contain  so  much  iron  oxide  in  places  as  to  be  of 
doubtful  value.  The  ledge  is  said  to  be  about  200  feet  wide  and  to 
be  covered  mainly  by  2  to  3  feet  of  earth,  moss,  and  roots. 

BALDT  BAT. 

At  High  Point,  on  Baldy  Bay  (No.  41),  marble  was  noted  by 
Mr.  Waters,  who  reports  a  ledge  about  200  feet  wide  consisting  of 
fine-grained  white  material,  very  much  fractured  on  the  surface. 
The  ledge  strikes  west  where  noted,  but  the  rocks  in  this  locality  are 
very  much  disturbed  and  dip  and  strike  in  many  directions.  Samples 
sent  to  the  Survey  are  grayish  to  yellowish  white  and  also  bluish- 
gray  medium-grained  calcite  marble  containing  in  places  grains 
of  pyrite.  The  rock  is  of  medium  hardness.  The  marble  beds  are 
associated  with  slate. 

OBAOE  HABBOB. 

A  bed  of  white  marble  6  or  8  to  20  feet  wide  having  an  easterly 
strike  was  noted  by  Mr.  Waters  half  a  mile  south  of  the  entrance  to 
Grace  Harbor  (No.  42).  Samples  sent  to  the  Survey  are  fine  grained, 
dense,  and  very  hard.  The  color  is  white,  but  some  of  the  rock 
shows  clouds  of  a  faint  brownish-yellow  color. 

AKEBXCAN  BAT. 

A  deposit  of  schistose  marble  on  the  south  side  of  American  Bay 
(No.  43)  is  reported  by  Mr.  Waters.  The  deposit  is  more  than  500 
yards  wide,  stands  about  vertical,  strikes  east,  and  is  mostly  covered 
by  moss  and  timber.     The  marble  is  reported  to  be  both  fine  and 
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coarse  grained  and  to  contain  mica,  but  no  mention  is  made  of  its 
color,  and  although  a  sample  was  sent  it  did  not  reach  Washington. 
Lunestone  and  marble  are  also  reported  in  the  vicinity  of  Kaigani 
Harbor,  but  no  descriptive  details  are  available. 

GAPS  xuzov. 

A.  bed  of  schistose  marble  10  to  100  feet  wide  and  2  miles  long 
"in  the  vicinity  of  Cape  Muzon'Vis  reported  by  Mr.  Waters,  who 
notes  that  the  bed  strikes  west  and  stands  nearly  vertical.  The 
material  is  reported  to  be  white,  pink,  and  green.  A  sample  received 
by  the  Survey  is  of  brownish-pink  color,  medium  grain,  and  bright 
appearance.  From  notes  on  a  chart  sent  by  Mr.  Waters  it  appears 
probable  that  this  marble  crops  out  west  of  McLeod  Bay  (No.  44). 

LONG  ISIAND. 

The  northern  part  of  Long  Island  appears  to  contain  promising 
areas  of  marble.  This  part  of  the  island  is  largely  surfaced  by  cal- 
careous rock.  Theodore  Chapin,  who  visited  this  locality  iif  the 
summer  of  1915,  reports  as  follows : 

Deposits  of  marble  have  recently  been  located  near  the  northwest  end  of 
Long  Island,  3  to  4  miles  north  of  Howkan,  on  two  small  bays  known  locaUy 
as  Waters  and  Gotsongni  bays.  At  this  locality  the  brush  is  very  thick  along 
the  shore  and  outcrops  are  few,  making  prospecting  difficult,  but  physical  con- 
ditions favor  the  exploitation  of  the  deposits.  The  shore  of  the  island  rises 
abruptly  trom  the  beach,  the  timber  is  plentiful  and  of  an  exceptionally  good 
grade,  and  the  deposits  occur  on  sheltered  liarbors  which  afford  easy  access  to 
boats. 

On  Waters  Bay  three  claims,  the  Lily,  Long  Island,  and  White  Cloud,  have 
been  located,  and  assessment  work  has  been  done.  Most  of  the  marble  exposed 
has  a  bluish-white  field  with  white-mottled  areas  and  blue-black  stripes. 
Under  the  microscope  the  rock  is  seen  to  be  composed  essentially  of  twinned 
caldte  crystals  ranging  in  size  from  0.25  to  0.7  millimeter,  inclosed  in  a  net- 
work of  finely  granular  caldte  that  averages  about  0.05  millimeter  and  forms 
with  the  large  calcite  crystals  an  intersertal  fabric.  The  large  caldte  crystals 
are  bent  and  fractured.  They  are  evidently  crushed  fragments  around  which 
the  llne-grained  calcite  has  recrystallized.  The  black  stripes  are  composed  of 
opaque  particles  of  carbonaceous  material,  probably  graphite.  Associated  with 
the  striped  marble  are  beds  of  medium-grained  white  marble  of  even  texture 
and  also  beds  of  blue-clouded  white  marble  with  yellow  patches.  This  rock 
takes  an  excellent  polish. 

The  deposit  at  the  head  of  Waters  Bay  (No.  45)  is  reported  by 
Mr.  Waters  to  strike  northwest  and  to  extend  up  both  sides  of  a  small 
stream  for  a  distance  of  a  mile,  with  a  width  of  2,000  feet.  Samples 
of  white,  pearl-gray,  gray-banded,  and  gray-veined  marble  from  this 
locality  were  received  at  the  office  of  the  Geological  Survey.  The 
white  marble  is  medium  grained  and  shows  faint  pinkish-yellow 
tints.    The  hand  sample  is  of  granular  texture,  shows  a  bright,  spark- 
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ling  surface,  and  is  translucent  on  thin  edges.    When  struck  it  gives 
a  clear  ring. 

A  thin  section  of  the  pearl-gray  marble  was  examined  by  G.  F. 
Loughlin.  The  material  as  seen  under  the  microscope  appears  to  be 
rather  even-grained  calcite,  mostly  twinned,  with  fine  granulated 
borders.  The  grain  diameters  range  from  0.08  to  0.7  millimeter  and 
average  between  0.20  and  0.25  millimeter,  as  the  coarser  grains  pre- 
dominate. The  grade  is,  in  general,  medium.  A  few  very  fine  oxi- 
dized pyrite  grains  scattered  through  the  section  were  noted.  The 
largest  of  these  is  only  0.04:  or  0.05  millimeter  in  diameter.  The  sec- 
tion shows  several  minute  limonite  pseudomorphs  after  pyrite,  also 
a  few  streaks  of  limonite,  sufficient  to  give  a  pale-brown  streak  across 
a  hand  sample  of  the  marble.  A  shear  zone,  ccmtaining  rounded 
grains  and  a  few  very  fine  grains  of  quartz  in  a  matrix  of  pulverized 
calcite,  was  noted.  No  quartz  was  seen  elsewhere  in  the  secticm.  So 
far  as  the  material  in  the  thin  section  is  c(Hicemed,  oxidaticm  is  prac- 
tically completed  and  no  further  staining  from  pyrite  is  likely.  In 
fact,  pyrite  is  so  rare  in  the  sample  as  to  cause  a  negligible  amount  of 
staining. 

The  banded  marble  is  similar  in  texture  to  the  white  marble  but 
has  a  light-gray  body  with  parallel  straight  thin  bands  of  darker 
gray  spaced  one-eighth  to  one-half  inch  apart.  The  veined  marble 
is  similarly  colored  but  less  uniformly  grained.  The  veins  and 
clouded  areas  show  attractive  patterns  produced  by  folding  of  the 
rock.  It  is  reported  that  this  deposit  appears  to  be  "  solid  " — that  is, 
comparatively  free  from  fractures  and  joints. 

According  to  Messrs.  Chapin  and  Waters  there  is  at  the  northwest 
comer  of  Long  Island,  on  the  east  side  of  Gotsongni  Bay  about  three- 
quarters  of  a  mile  from  the  head  of  the  bay  (No.  46),  an  exposure 
of  marble  half  a  mile  in  length.  The  beds  appear  to  strike  north- 
northwest,  or  parallel  with  the  axis  of  the  bay.  On  the  beach  are 
outcrops  of  coarse-grained  even-textured  white  marble.  A  short  dis- 
tance back  from  the  beach  and  separated  fran  the  white  marble  by 
a  brush-concealed  strip  is  a  large  area  of  bluish-white  to  bluish-gray 
marble  with  black  stripes.  The  rock  is  medium  grained  and  even 
textured.  It  takes  a  good  polish  and  is  apparently  free  from  quartz. 
White  and  pink  varieties  of  marble  are  also  reported  to  occur  in  this 
locality. 

A  sample  of  the  white  marble  sent  to  Washington  by  Mr.  Waters 
is  medium-grained  caldtic  material  with  a  bright,  sparkling  surface 
where  freshly  broken.  The  rock  jpossesses  a  high  degree  of  trans- 
lucence.  A  thin  section  of  this  marble  was  examined  under  the 
microscope  by  G.  F.  Loughlin.    The  material  is  composed  of  large 
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irregular  grains  separated  by  a  network  of  fine  grains.  This  tex- 
ture is  due  to  granulation  along  the  boundaries  of  the  crystals  and 
has  been  termed  "  flaser  "  structure.  (See  p.  79.)  The  diameter  of 
the  interstitial  grains  is  0.02  to  0.10  millimeter  with  an  average  of 
about  0.04  millimeter.  The  coarse  grains  are  0.02  to  2.6  millimeters 
across  and  average  about  0.06  millimeter.  The  average  grain  di- 
ameter of  the  marble,  according  to  Mr.  Chapin,  is  0.25  millimeter. 
The  only  impurities  noted  by  Mr.  Loughlin  were  a  cluster  of  py- 
rite  (I)  grains  about  0.14  millimeter  across  and  one  very  minute 
crystal  of  quartz  (?). 

A  sample  of  the  pink  marble  consists  of  medium  to  coarse  grained 
crystalline  calcite,  of  a  salmon-pink  shade.  The  rock  takes  a  good 
polish,  and  the  polished  surface  brings  out  slight  variations  in  the 
pink  color  and  also  several  streaks  of  colorless  calcite^ 

An  area  of  marble  at  Howkan  is  shown  on  Mr.  Waters's  field  map, 
but  no  notes  concerning  it  are  available. 

SOUTHEASTERN  PART  OF  PRINCE  OF  WALES  ISLAND. 

DOLOMI. 

Certain  marble  deposits  on  the  east  side  of  Prince  of  Wales  Island 
in  the  vicinity  of  Dolomi  were  described  by  the  Wrights,^  and  as  no 
new  work  was  reported  to  have  been  done  on  the  claims,  they  were  not 
visited  by  the  writer.  The  notes  originally  published  are  given  below. 

The  properties  of  the  American  Ck>ral  Marble  Co.  are  located  at  two  locall- 
Ues— at  the  head  of  North  Arm  [47],  where  12  claims  have  been  located  along 
the  north  shore  of  the  inlet,  and  at  the  north  entrance  to  Johnson  Inlet  [48], 
where  the  company  has  several  claims  extending  from  Dolomi  eastward  to  Clar- 
ence Strait.  The  principal  developments  have  been  made  at  the  North  Arm 
property,  and  at  this  point  a  post  office  named  Baldwin  has  been  established. 
Active  work  at  this  locaUty  began  in  1004,  and  the  marble  deposits  were  pros- 
pected during  that  year.  In  1905  a  wharf  was  built,  machinery  installed,  and 
buildings  erected  preparatory  to  quarrying  the  marbla  During  1906,  however, 
practically  no  work  was  done,  and  all  of  the  machinery  was  removed  in  1907. 
At  the  Dolomi  property  a  small  quarry  was  started  on  the  hillside,  at  a  point 
a  quarter  of  a  mile  northeast  of  Dolomi  post  office  and  a  few  hundred  feet  from 
tidewater  on  the  Clarence  Strait  side,  and  buildings  were  erected.  No  opera- 
tions were  in  progress  at  these  localities  during  1907  [and  none  has  been 
reported  np  to  1916]. 

The  deposits  at  North  Arm  and  at  Dolomi  consist  of  marble  beds  interstrati- 
fied  with  chloritlc  and  calcareous  schists,  striking  northwest  with  steep  dips, 
Qimally  southwest  The  surrounding  area  is  mantled  by  a  dense  growth  of 
vegetation,  and  the  limits  of  the  deposits  have  not  been  definitely  determined, 
thoQ^  where  the  marble  is  exposed  It  is  much  fractured,  variable  in  color  and 
composition*  and  intersected  by  a  few  narrow  dikes  of  diabase.  The  fracture 
planes  were  probably  formed  principally  during  the  period  of  tilting  and  folding 
of  the  beds  and  existed  before  erosion  exposed  the  present  surface  outcrops. 

^Wright,  F.  BL  and  C.  W.,  op.  eit,  pp.  106-197. 
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Since  that  time  weathering  has  accentuated  and  to  some  extent  Increased  tlie 
number  of  fracture  planes,  and  It  seems  probable,  howeyer,  that  in  depth  these 
planes,  although  potentially  present  as  lines  of  weakness,  will  become 
numerous  and  will  not  interfere  greatly  in  quarrying. 

Although  some  parts  of  the  deposits  consist  of  pure-white  fine-grained 
of  excellent  quality,  other  parts  are  poorly  colored,  coarse  grained,  and  of 
commercial  value,  and  it  will  probably  be  difficult  to  obtain  large  qnantttlet,^ 
uniform  grade.    The  better  grade  is  reported  to  give  the  following 
Calcium  carbonate,  1>4  per  cent ;  alumina,  3.9  per  cent ;  silica,  1.4  per  cent ; 
nesia,  0.7  per  cent.    Pyrite  is  also  present  in  small  amounts,  occorrlng  In'* 
seams  and  finely  disseminated  in  some  of  the  marble. 
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DIOKXAV  BAT. 

Location. — ^An  area  of  particular  interest  on  account  of  the 
variety  of  marble  which  it  affords  lies  in  the  southeastern  part 
Prince  of  Wales  Island,  in  the  peninsula  between  Dickman  Bay  fji 
named  on  Coast  and  Geodetic  Survey  chart  8100)  and  the  ui 
narrow  inlet  to  the  north,  here  designated  Shamrock  Inlet  (No. 
Dickman  Bay  is  an  extension  of  West  Arm  of  Moira  Sonndy 
the  area  lies  11  to  12  miles  southwest  of  Dolomi.    According  to  %-^ 
booklet  published  in  1913  by  the  owners,  the  Alaska  Shamrock  Mai> 
ble  Co.,  of  Portland,  Oreg.,  two  groups  of  claims  have  been  located^ 
group  1,  consisting  of  eight  claims  (United  States  Mineral  Sorvcgr 
No.  946),  and  group  2,  consisting  of  four  claims  (United  Statai 
Mineral  Survey  No.  947),  together  aggregating  228  acres. 

Rehtions  and  character  of  the  marble. — The  marble  occurs  in  beds 
of  varying  thickness  which  strike  N.  30°-i0°  W.  and  dip  steeply 
southwest.  It  is  interstratified  with  graywacke  and  schistose  beds 
and  intersected  by  dikes  of  diabase  and  basaltic  rock.  A  small 
area  of  dark-gray  granitic  rock  is  exposed  at  the  southeast  point  of 
the  peninsula  and  appears  to  be  in  contact  with  the  marble  masSi 
The  marble  is  more  or  less  schistose  in  places,  especially  near  the 
contacts  of  schistose  beds,  and  it  is  banded  locally  near  the  con- 
tacts of  dikes  by  the  interlamination  of  marble  and  dike  rock  in 
layers  ranging  from  less  than  1  inch  to  several  inches  in  thickness. 
Ijedges  of  marble  20  to  75  feet  wide  alternate  with  areas  of  gray- 
wacke 50  to  1,000  feet  across  and  have  been  traced  in  the  diredion 
of  tlie  strike  for  a  mile  or  more.  The  surface  exposures  show  more 
or  less  jointing  and  fracturing  of  the  beds. 

The  surface  of  the  peninsula  north  of  Dickman  Bay  is  rough  and 
wooded.  The  banks  generally  rise  abruptly  from  deep  water,  and 
the  highest  marble  ledges  reach  an  altitude  of  350  to  500  feet  above 
sea  level  at  a  few  hundred  feet  from  the  shore. 

Most  of  the  marble  on  the  Alaska-Shamrock  claims  is  of  fine 
grain,  although  in  a  few  places  some  very  coarsely  crystalline  material 
was  noted.    Numerous  samples  sent  from  the  prospects  to  Portland, 
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Oreg.,  have  been  polished  and  have  revealed  a  large  variety  of 
colors  in  a  great  many  combinations.  As  a  role  the  rocks  take  a 
good  polish.  The  veins  which  produce  the  beautiful  effects  in  the 
^t^ongIy  veined  or  schistose  marble  do  not  take  so  uniform  a  polish 
as  the  calcite  portions  of  the  stone.  The  inequalities  in  the  polish  are 
doe  to  the  presence  in  the  veins  of  minerals  of  varying  degrees  of 
hardness,  such  as  quartz,  mica,  and  chloritic  materials,  and  are  not 
noticeable  unless  the  light  falls  on  the  surface  at  an  angle. 

Certain  of  the  varieties  of  marble  obtained  here  are  white  with 
golden-yellow  veining,  grays  of  various  shades,  gray  veined  and 
mottled  with  white,  pink,  and  yellow ;  pale  green,  grass-green,  green 
with  black  and  white,  green  with  pink  and  white,  black  and  white, 
plain  black,  and  of  other  color  combinations.  (See  Pis.  XX  to 
XXII.)  In  thin  sections  the  green  color  appears  to  be  due  to 
chloritic  material  and  possibly  to  some  epidote.  Among  the  trade 
names  adopted  by  the  company  to  designate  some  of  the  more  strik- 
ing varieties  of  the  marble  are  "  white  and  gold,"  "  Confederate 
graVj"  '^moss-agate  green,"  "raven-black,"  and  "jewel  marble." 
The  last  is  a  veined  or  mottled  stone  generally  showing  strong  con- 
trasts between  dark  green,  white,  and  pink  and  having  a  few  pink 
calcite  crystals  either  isolated  or  in  bunches.  The  color  of  these 
calcite  crystels,  which  suggests  that  of  garnet,  is  due  to  the  presence 
of  disseminated  fine  grains  of  hematite. 

Thin  sections  of  five  samples  of  marble  from  the  Alaska- Shamrock 
claims  were  examined  microscopically  by  T.  N.  Dale  and  G.  F. 
Loughlin. 

A  section  of  the  grayish-wliite  marble  showed  an  uneven  texture 
^th  streaks  still  firmer  than  the  very  fine  grained  groundmass.  These 
streaks  contained  also  sparse  quartz  and  muscovite.  Micrometer 
measurements  of  the  general  groundmass  gave  a  grain  diameter 
ranging  from  0.025  to  0.5  millimeter,  mostly  between  0.05  and  0.25 
millimeter,  with  an  estimated  average  of  0.1  millimeter. 

A  section  of  the  banded  white  and  blue  marble  is  composed  of 
light  bands  of  regular  texture  alternating  with  bands  of  finer  grains 
^ith  much  graphite,  a  few  large  calcite  grains,  and  a  little  musco- 
vite. The  grain  diameter  of  the  white  bands  ranges  between  0.05 
and  0.5  millimeter,  mostly  0.125  to  0.25  millimeter,  with  an  esti- 
mated average  of  0.125  millimeter. 

A  section  of  the  banded  green  and  white  marble  showed  a  ground- 
mass  of  white  bands  containing  many  grains  of  plagioclase  (?)  and 
'^me  of  quartz  measuring  as  much  as  0.25  millimeter,  with  irregular 
bands  of  fine-grained  epidote,  chloritic  material,  calcite,  and  a  little 
quartz.  The  groundmass  has  grain  diameters 
meter,  mostly  0.075  to  0.2  millimeter,  with 
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0.075  millimeter.    The  calcite  grains  in  the  green  bands  have  a  grain 
diameter  of  about  0.06. 

A  section  of  grass-green  marble  consists  of  calcite  plates,  mostly 
untwinned,  quartz  grains,  with  rarely  one  of  plagioclase,  finely  dis- 
seminated minute  scales  of  chlorite,  a  few  of  biotite,  and  plates  and 
quartz  grains  and  some  pyrite.  The  calcite  plates  measured  by 
micrometer  range  between  0.02  and  0.094  millimeter,  but  mostly  be- 
tween 0.03  and  0.056  millimeter. 

The  section  of  the  '*" jewel "  marble  was  not  measured  for  grain 
diameter.  The  groundmass  is  mainly  calcite,  but  chloritic  material 
and  quartz  occur,  especially  in  the  green  areas.  The  red  or  "  jewel " 
areas  consist  of  calcite  colored  by  hematite  grains.  These  red  areas 
are  crossed  by  colorless  veinlike  streaks  which  may  be  aragonite  or 
possibly  strained  calcite. 

Two  samples  analyzed  by  R.  K.  Bailey  show  high  percentages  of 
insoluble  material  and  a  moderate  percentage  of  magnesia. 

Analyses  of  marble  from  Dickman  Bay,  • 


"Jewel" 
marble. 


Dark- 

green 

marble. 


Insoluble  matter 

Caldom  carbonate  (CaCOi) 

Magnesium  carbonate  (MgCOi) 


22.84 

74.61 

3.23 


37.32 

5S.40 

6.61 


Prospects, — Three  or  four  openings  have  been  made  on  marble 
beds  that  crop  out  on  the  shore  of  Shamrock  Inlet.  At  the  prospect 
nearest  the  southeast  point  of  the  peninsula  work  was  in  progress 
in  Ocober,  1912.  A  small  clearing  had  been  made,  several  houses 
and  a  machine  shop  had  been  built,  and  blocks  were  being  detached 
from  a  ledge  of  marble  banded  with  dark-gray  and  white  veins.  The 
marble  is  brittle  and  somewhat  schistose  and  splits  readily  along  the 
laminations.  On  weathered  surfaces  the  harder  portions  of  the  rock 
stand  in  relief  above  the  more  calcareous  portions.  A  hand  derrick 
was  used  here  in  clearing  away  stumps  and  raising  .blocks  of  marble. 

Northeastward  along  the  shore  of  the  inlet  other  openings  disclose 
alternations  of  light-colored  and  blue  marble.  One  opening  is  in  beds 
of  very  fine  grained  cream-colored  marble  slightly  veined  with 
yellow.  At  this  place  the  beds  are  exposed  for  about  100  feet  hori- 
zontally and  30  to  40  feet  vertically.  The  strike  is  N.  75°  W.,  and 
the  beds  stand  nearly  vertical.  The  surface  of  the  beds  is  rough 
and  fractured,  with  deep  crevices  produced  by  solution,  and  the 
mass  is  cut  by  a  basaltic  dike  that  has  been  faulted  and  twisted  since 
its  intrusion  into  the  marble.  Where  badly  fractured  the  beds  will 
"^ave  to  be  quarried  deeply  in  order  to  ascertain  the  possibility  of 

Gaining  blocks  of  adequate  size. 
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Two  of  the  most  interesting  prospects  are  on  a  ridge  extending 
northwest  from  the  camp,  in  the  direction  of  the  strike  of  the  rocks. 
The  marble  ledge  that  has  been  opened  is  70  to  75  feet  wide  between 
two  dikes  that  have  weathered  more  slowly  than  the  calcareous  mass 
and  that  form  walls  on  either  side  of  it.  At  the  upper  opening, 
about  800  feet  from  the  shore  and  350  to  400  feet  above  tidewater, 
the  marble  is  principally  green.  The  beds  are  exposed  for  about 
150  feet  along  the  strike.  The  green  color  appears  to  become  paler 
toward  the  northwest,  although  small  patches  of  stone  among  the 
paler  areas  are  of  fully  as  deep  a  green  color  as  any  others  in  the 
deposit.  The  deeper  shades  of  green  seem  also  to  occur  nearest  the 
top  or  surface  edges  of  the  beds.  Prospecting  with  a  core  drill  is 
reconmiended  if  more  definite  knowledge  is  desired  regarding  the 
continuatioil  of  green  shades  in  depth.  The  rock  here  is  not  so 
badly  fractured  at  the  surface  as  along  the  shore,  and  it  is  possible 
to  get  out  some  very  good  sized  blocks  without  quarrying  deeply.  A 
1-ton  block,  which  was  moved  on  skids  down  the  trail  to  the  beach, 
has  already  been  shipped  to  Portland,  Oreg.  Another  opening  on 
this  same  ledge  was  noted  about  600  feet  from  the  beach  and  about 
200  feet  above  water.  The  beds  here  are  banded  with  dark  blue  or 
gray  and  white  near  the  southwest  wall,  but  the  blue  bands  change 
to  dark  green  near  the  middle  of  the  ledge.  A  small  mass  of  garnet- 
colored  calcite  was  noted  in  the  rock  at  this  place. 

At  these  prospects  it  has  been  necessary  to  clear  away  a  vigorous 
growth  of  timber  and  to  strip  off  a  cover  ranging  from  a  few  inches 
of  moss  on  the  exposed  places  to  soil  6  or  7  feet  thick  in  the  crevices 
and  hollows  in  the  rock. 

Other  prospects  of  the  Alaska-Shamrock  Marble  Co.  are  situated 
on  this  peninsula  on  the  north  shore  of  Dickman  Bay  and  extend  up 
a  small  bight  about  three-quarters  of  a  mile  from  the  extremity  of  the 
peninsula.  The  dip  and  strike  and  the  position  of  the  beds  exposed 
here  indicate  that  they  are  probably  continuations  of  the  ledges  near 
Shamrock  Inlet.  Diabase  dikes  have  intruded  the  beds  in  this 
locality,  and  the  surface  exposures  of  the  stone  show  much  jointing 
and  fracturing.  The  marble  occurs  in  various  shades  of  white, 
bluish  gray,  and  green.  In  polished  samples  some  of  the  green  mar- 
ble compares  favorably  with  the  "  verde  antique  "  types  produced  in 
the  United  States.  The  beds  crop  out  in  bold  cliffs  on  both  sides  of 
the  small  cove,  and  they  also  form  its  floor  and  extend  inland  beyond 
the  head  of  the  cove.  This  area  was  the  first  one  to  be  prospected 
by  the  Alaska- Shamrock  Marble  Co.  The  prospecting  has  been  done 
mainly  by  hand  drilling  and  loosening  blocks  with  black  powder. 
Considerable  material  has  been  shipped  to  Portland  for  exhibition. 
Another  possible  resource  of  this  company  is  the  gray  granite  that 
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crops  out  on  the  shore  of  Dickman  Bay  between  the  two  marble 
localities. 

A  letter  from  the  company  dated  Septeniber  9, 1914,  indicates  that 
prospecting  had  been  continued  with  encouraging  results  consisting 
of  additional  discoveries  of  large  quantities  of  attractive  marble, 
including  the  "  jewel "  stone,  pink  and  gray,  "  Irish  green,"  white 
and  gold,  verde  antique,  dark  stone  with  a  grain  resembling  that  of 
fir  when  cut  in  the  direction  of  the  grain,  and  stone  having  inter- 
mingled green,  black,  gray,  white,  and  pink  colors.  Eight  blocks 
having  an  average  weight  of  7  tons  each  and  two  blocks  of  12  tons 
each  are  reported  to  have  been  shipped  from  this  locality  to  Portland, 
Oreg. 

Some  decorative  work  in  Portland  is  reported  to  have  been  done 
with  this  marble,  such  as  the  entrance  to  the  Charlotta  Court  at 
Seventeenth  and  Everett  streets,  in  which  was  used  a  reddish-brown 
and  white-banded  combination  with  a  background  of  Colorado  Yule 
marble,  and  the  entrance  to  the  Majestic  Theater  at  Park  and  Wash- 
ington streets  (see  PL  XXVI),  which  was  paneled  with  black  and 
white  brecciated  marble  having  a  garnet-colored  stain  in  some  of  the 
black  areas. 

The  reported  discovery  of  a  large  quantity  of  verde  antique  marble 
seems  to  be  especially  important,  as  there  is  a  considerable  demand 
for  marble  of  this  type  for  trimmings  in  interior  decorative  work, 
and  it  is  beginning  to  be  used  for  exterior  work,  such  as  borders  for 
doorways  or  show  windows. 

Much  of  the  marble  available  in  this  locality  is  of  great  beauty 
when  finished,  but  the  geologic  structure  of  the  beds  suggests  that 
there  will  probably  be  considerable  waste  in  quarrying  and  in  finish- 
ing. Much  more  prospecting  and  development  work  must  be  done 
in  order  to  ascertain  whether  t>r  not  the  properties  can  be  exploited 
on  a  commercial  basis.  All  the  properties  are  situated  most  favor- 
ably for  shipping  quarry  products.  Deep  water  extends  practically 
to  the  shore  line,  except  in  the  small  cove,  and  both  Dickman  Bay 
and  Shamrock  Inlet  afford  roomy  and  sheltered  harbors. 

MAINLAND  EAST  OF  WRANGELL  ISJUAND. 

A  long,  narrow  belt  of  crystalline  limestone,  containing  true  marble 
in  many  places,  extends  in  a  northwesterly  direction  on  the  main- 
land for  a  distance  of  about  17  miles,  beginning  at  Blake  Channel 
and  lying  nearly  parallel  to  Eastern  Passage.^  Blake  Channel  itself 
follows  the  strike  of  this  belt  and  may  represent  a  drowned  valley 
developed  along  these  comparatively  soluble  rocks.     At  the  south 
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MAINLAND  EAST  OF  WBANGEU.  ISLAND.  91 

end  of  Blake  Channel  certain  small  areas  of  marble,  including  Ham 
Island  and  areas  on  the  north  and  south  sides  of  Bradfield  Canal, 
are  also  practically  in  strike  with  this  belt.  The  metamorphism  of 
this  limestone  to  marble  has  probably  been  caused  by  the  intrusion  of 
wider  belts  of  granite  to  the  east  on  the  mainland  and  to  the  west 
on  Wrangell  Island.  Metamorphic  minerals  such  as  talc  are  present 
in  the  marble  deposit  near  the  east  end  of  Lake  Virginia,  described 
below. 

Lake  Virffinid. — ^The  upper  end  of  Lake  Virginia  (formerly  known 
as  Mill  Lake),  distant  about  4  miles  from  Eastern  Passage  and  about 
12  miles  from  Wrangell,  cuts  through  this  belt  of  marble  (No.  50). 
The  rock  ranges  from  grayish-white  and  coarse-grained  marble  at 
the  east  side  of  the  exposure  to  fine-grained  bluish-gray  and  veined 
marble  at  the  west.  The  fine-grained  grayish  and  banded  material 
predominates.  Near  the  east  side,  near  the  contact  with  granitic 
intrusive  rock,  contact  minerals  of  fibrous  radial  character  are  de- 
veloped in  the  coarse-grained  marble. 

Three  thin  sections,  of  marble  from  this  locality  were  examined  by 
T.  N.  Dale  and  G.  F.  Loughlin. 

A  section  of  the  grayish- white  marble  showed  a  very  uneven  tex- 
ture, being  composed  mainly  of  portions  having  two  grades  of  fine- 
ness. Micrometer  measurements  of  the  grain  diameter  of  the  finer 
part  showed  a  range  from  0.074  to  0.555  millimeter,  with  an  estimated 
average  of  0.154  millimeter.  The  coarser  part  showed  a  grain  diame- 
ter from  0.185  to  2  millimeters,  mostly  0,37  to  1.1  millimeters,  with 
an  estimated  average  of  0.434  millimeter.  A  few  grains  of  quartz 
are  present. 

A  section  of  the  gray  marble  showed  an  even  texture  and  a  grain 
diameter  ranging  from  0.05  to  0.62  millimeter,  mostly  between  0.125 
and  0.375  millimeter,  with  an  estimated  average  of  0.145  millimeter. 
According  to  the  Rosiwal  measurement  the  average  grain  diameter  is 
0.0O54  inch,  or  0.137  millimeter. 

A  section  of  the  coarse-grained,  nearly  white  marble  contammg 
a  fibrous  mineral  in  large  radial  aggregates  consists  largely  of  talc 
bands  or  fibers  in  extremely  thin  parallel  and  divergent  aggregates 
0.01  to  0.1  millimeter  thick,  between  broader  bands  of  calcite.  Con- 
siderable carbonate  is  interleaved  with  the  talc  fibers.  Here  and 
there  large  plates  of  dolomite  cross  the  foliation.  Many  minute  crys- 
tals of  pyxite  rusting  to  limonite  are  present.  It  is  suggested  by  Mr. 
Loughlin  that  the  talc  may  have  been  derived  through  the  com- 
plete replacement  of  tremolite  or  diopside,  or  that  it  may  be  a  pri- 
mary metamorphic  mineral  formed  under  less  heat  and  pressure  than 
required  to  form  tremolite  and  diopside.  Local  conditions  favor  the 
possibility  that  the  talc  is  a  primary  metamorphic  mineral. 
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The  chief  constituents  of  this  rock  as  determined  by  R.  K.  Bailey 
ai'e  as  follows: 

Analysm  of  taloose  marble  from  depoHt  near  Lake  Virginia, 

Insoluble   matter 19.06 

Calcium  carbonate   (CaCO.) 53.69 

Megneslum  carbonate  (MgCOt) 26.10 

This  marble  belt  is  exposed  at  short  intervals  along  the  south 
shore  of  Lake  Virginia  for  a  distance  of  about  1,000  feet  and  was 
traced  toward  the  southeast  for  more  than  half  a  mile.  The  beds 
range  from  thin  and  schistose  to  massive.  They  dip  steeply  toward 
the  northeast  and  strike  N.  15°-25°  W.  On  the  southwest  the  belt  is 
bordered  by  schist;  on  the  northeast,  although  no  direct  contact  is 
visible,  boulders  of  granite  indicate  the  character  of  the  adjacent 
rock. 

Several  marble  claims  have  been  staked  on  the  outcrops  along  the 
shore  of  Lake  Virginia,  though  there  was  but  little  evidence  of  assess- 
ment work  or  prospecting  when  the  locality  was  visited  by  the 
Survey  party  in  September,  1913.  At  one  point  a  short  tunnel  had 
been  driven  in  pyritiferous  schistose  beds  in  search  of  metalliferous 
ore.  Untirconsiderable  prospecting  with  a  core  drill  is  done,  nothing 
definite  can  be  known  as  to  the  probable  value  of  this  marble  de- 
posit. Back  from  the  lake  shore  the  surface  is  rough  and  covered 
generally  with  a  heavy  growth  of  timber  and  moss,  with  the  usual 
soil,  muck,  and  underbrush  in  the  low  places.  If  marble  of  value 
should  be  found,  quarries  could  be  opened  near  the  lake  shore,  and 
blocks  could  be  transported  on  tram  cars  carried  on  a  barge  to  the 
foot  of  Lake  Virginia,  a  distance  of  about  2  mil^s,  beyond  which 
a  tramway  IJ  miles  long  would  have  to  be  built  down  Mill  Creek 
to  deep  water  in  Eastern  Passage.  The  level  of  the  lake  is  prob- 
ably about  200  feet  above  the  sea,  and  as  there  is  a  large  overflow 
from  the  lake,  considerable  water  power  might  be  developed  here. 
In  fact,  it  is  said  that  a  small  fall  near  the  shore  of  Eastern  Passage 
was  once  so  utilized. 

Blake  CJumnel. — On  Blake  Channel  8  or  9  miles  southeast  of  Lake 
Virginia  this  belt  of  marble  crops  out  on  tidewater  (No.  61).  Here 
the  marble  is  medium  grained  to  coarse  grained,  mostly  bluish  in 
color,  and  generally  banded  with  gray.  In  places  the  color  is  light 
blue  to  white.  A  thin  section  of  the  gray  and  blue  banded  material 
examined  by  T.  N.  Dale  showed  an  even  texture,  crossed  by  parallel 
graphitic  (?)  streaks  with  some  pyrite.  The  calcite  shows  much 
close  twinning.  The  grain  diameter  ranges  from  0.11  to  1.1  milli- 
meters, mostly  between  0.185  and  0.74  millimeter,  with  an  estimated 
average  of  0.275  millimeter.  The  beds  stand  nearly  vertical  and 
"trike  about  N.  10°  W.    The  marble  is  exposed  for  200  or  300  yards 

ng  the  shore,  rises  steeply,  and  extends  an  undetermined  dis- 
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tance  into  the  mountains  toward  the  north-northwest.  On  the  west 
the  bordering  rock  is  schist,  and  on  the  east  the  marble  is  in  con- 
tact with  an  intrusive  mass  of  quartz-bearing  basalt.  A  mass  of 
fine-grained  gray  granite  forms  a  cliff  on  Blake  Channel  about  3 
miles  west-northwest  of  this  locality.    Five  claims  of  20  acres  each 
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PiGURs  4. — Mep  showing  marble  deposits  examined  oh  mainland  east  of  Wrangell  Island 
and  on  Ham  Island.     From  Coast  and  Geodetic  Surrey  chart  8200. 

have  been  staked  on  this  marble  by  Frank  Spalding,  of  Wrangell, 
who  has  opened  several  prospects. 

BLAKE   OR    HAM    ISLAND.^ 

Ham  Island  (see  fig.  4)  lies  in  Blake  Channel  at  its  junction  with 
Bradfield  Canal  about  25  miles  southeast  of  Wrangell  (No.  52). 
It  is  about  1 J  miles  long  and  is  composed  largely  of  crystalline  lime- 
stone interstratified  with  beds  of  calcareous  schist.  These  beds  dip 
steeply  northeast  and  strike  about  N.  35°  W.,  falling  in  line  with  the 

^  Blake  Island  by  decision  of  the  United  States  Geographic  Board ;  Ham  Island  on  tv>A 
Coast  Surrey  chart  and  in  local  usage. 


94 


ICABBLE  RESOTJBGES  OF  SOUTHEASTERN  ALASKA* 


long  lens  or  belt  of  crystalline  limestone  that  crops  out  on  the  main- 
land about  10  miles  northwest  of  Ham  Island. 

The  marble  beds  have  been  extensively  tested  on  Ham  Island,  and 
deposits  have  been  prospected  also  on  the  adjacent  mainland  east 


Figure  5. — Sketch  map  showing  claims  of  Vermont  Marble  Co.  on  Ham  Island. 

and  southeast  of  the  island,  with  the  result  that  claims  have  been 
located  in  all  these  places.  In  the  northern  part  of  Ham  Island  the 
greater  part  of  the  marble  available  is  coarse  grained,  and  ranges 
in  color  from  light  grayish  blue  to  dark  gray;  but  some  of  it  is 
nearly  white.  A  little  fine-grained  marble,  mostly  white,  occurs  in 
the  southeastern  part  of  the  island.  The  strata  have  been  crumpled 
and  folded  and  are  slightly  schistose  in  places,  but  the  stone  gen- 
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nd  thB  rock  is  not  so  badly  checked  and 
other  marble  areas  in  southeastern  Akska. 
nt  planes  intersect  the  beds,  but  the  joints 
igh  not  to  interfere  greatly  with  quarrying. 
beds  of  varying  thickness,  generally  2  to  4 
EB  northward  and  dip  at  an  ani^le  of  50°  or 
En  the  eastern  part  of  the  island,  south  of  the 
Ine-grained  white  marble,  20  feet  thick,  ul- 
GlTStalline  marble,  have  been  revealed  by  the 
lestbe  presence  of  many  veins  nnd  nodules  of 
e  white  marble  has  been  shown  by  drilling 
dding,  and  it  is  feared  that  they  may  present 
)  ntilization  of  these  beds.  The  quarts  veins 
nction  of  an  inch  to  a  few  inches  in  thick- 
e  vein  a  foot  thick  has  Ix'cn  noted. 
I  on  Ham  Island,  owned  originally  by  Wood- 
by  Mr.  Miller,  have  been  piii-chascil  by  the 
see  fig.  6)  and  are  being  thoroughly  pros- 
,  but  up  to  1914  the  results  had  not  wiirranted 
quarry.  Many  large  blocks  of  lunrble  were 
:  owners,  and  from  tliese  blocks  tombstones 
wn  cut  and  polished  by  hand  for  local  use. 
samples  of  marble  from  Ham  Island  were  ex- 
One  section  of  niedium-firained  gruyish-blue 
igular  texture,  with  gniins  mostly  elongate 
Jraphite  is  present.  Measurements  by  the 
ttin  diameter  ranging  from  0.28  to  2.52  milli- 
3.84  and  1.68  millimeters.  The  Rosiwal  meas- 
rage  diameter  of  0.0127  inch,  or  0.3235  milli- 
on was  taken  from  very  coarsely  crystalline 
[  showed  a  grain  diameter  ran^nng  from  1.31) 
E  other  coarse  varieties  fall  between  these  two 

NLAND  XEAR  HAM  ISLAND. 

Ob  0m  mainlfl^tl  in  the  vicinity  of  Ham  Island  the  Vermont  Mar- 
lihCDL  holds  t'wo  claims  of  160  acres  each  about  1  mile  enst  of  Ham 
Uadon  the  north  side  of  Bnidfield  Canal  (No.  53),  and  two  claims 
liMlBBBOtlthcast  of  Ham  Island  on  the  south  side  of  Bradfield  Canal 
(Ho.  M).  Neither  of  these  properties  had  been  developed  at  the 
time  the  writer  was  at  Ham  Island. 

RT.VILLAGIOEDO  ISl^ND. 

Prospecting  f*"*  marble  on  Bevillagigedo  Island  has  been  carried 
float  intervals  for  about  15  years.  Little  of  importance  has  been 
done,  however,  since  the  survey  of  the  Ketchikan  district  by  the 
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Wrights,^  who  noted  the  important  features  of  the  marble  deposits 
on  this  island  as  follows : 

A  welMefined  limestone  belt  traverses  the  eastern  portion  of  Revillagfgedo 
Island  in  a  northwesterly  direction  and  is  exposed  in  Thorne  Arm,  Carroll 
Inlet,  and  George  Inlet.  Its  widest  development  is  on  the  north  side  of  Greorge 
Inlet,  near  the  head  [No.  55],  where  marble  claims  known  as  the  Bawden  group 
were  located  in  1904.  The  d^x>8it  is  included  in  the  crystalline  scliist  near  the 
contact  with  the  less-altered  slates  to  the  southwest.  The  marble  beds  range 
from  10  to  20  feet  In  width  and  are  separated  by  strata  of  calcareous  schist. 
Their  strike  is  northwest  and  their  dip  northeast.    The  marble  Is  exposed  in 
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FiouBE  6. — Sketch  map  of  Dickinson  &  Bell  marble  claims  on  RevlUagigedo  Island  near 

Carroll  Inlet. 

cllfCs  near  tidewater  and  is  of  good  quality,  being  relatively  free  from  fracture 
and  Joint  cracks,  finely  crystalline,  and  from  white  to  gray  in  color.  No  large 
developments  have  been  startwl  on  this  property. 

In  Carroll  Inlet,  to  the  southeast,  claims  have  also  been  located  on  the  same 
belt,  but  at  this  locality  the  deposit  Is  not  so  extensive  as  In  George  Inlet. 

In  addition  to  these  claims  two  groups  were  noted  by  the  writer  in 
October,  1912,  on  the  east  side  of  George  Inlet.  One  (No.  56)  lies 
7  miles  north  of  the  point  whei-e  George  Inlet  and  Carroll  Inlet  coa- 
lesce, and  the  other  (No.  57)  about  6^  miles  north  of  that  point. 
Only  the  shore  exposures  were  visible  at  these  places,  and  no  pros- 
pects could  be  found.  The  rock  exposed  consists  of  grayish-white  to 
gray  fine  to  medium  grained  schistose  marble,  interstratified  with 
and  intersected  by  dikes  of  mica  dacite.    Nearly  as  much  dike  rock  as 

'Wright,  F.   E.  and  C.  W.,  op.  dt,  pp.  197-198,  pi.  2. 
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marble  is  exposed  on  the  beach  at  the  southern  locality.  All  the 
beach  exposures  of  marble  are  very  soft  and  saccharoidal,  almost  too 
soft  to  yield  a  hand  specimen.  The  beds  dip  about  30°  a  little  north 
of  west.  So  far  as  these  exposures  indicate,  little  if  any  oommerciaUy 
Talnable  marble  is  present  at  either  place. 

In  the  sammer  of  1915  Theodore  Chapin  examined  certain  marble 
deposits  along  Carroll  Inlet,  and  his  notes  given  below  are  descriptive 
of  the  most  valuable  deposit : 

A  deposit  of  white  marble  is  being  developed  near  Carroll  Inlet  by  O.  E. 
Dickinson  and  B.  Bell.  The  claims  ar^  on  Marble  Creek,  n  stream  entering  a 
coTe  on  Oarroll  Inlet  from  the  east  about  10  miles  from  its  head  (No.  58).  (See 
fig.  6.)  From  this  cove  a  trail  leads  to  the  claims*  a  distance  of  about  a  mile 
and  a  half.  The  rock  is  exposed  by  surface  cuts  at  several  places  and  along 
Marble  Creek  for  half  a  mile,  the  width  covered  by  the  claim  locations.  In  this 
distance  the  rock  shows  little  variation.  It  consists  of  white  crystalline  marble 
of  ev^Qi  texture  and  of  very  fine  grain.  No  analysis  was  made  of  the  rock,  .but 
to  judge  f^om  Its  slight  effervescence  with  acid  it  is  probably  dolomite. 

Timber  suitable  for  cabins  and  other  construction  grows  on  the  claims,  and 
water  ix>wer  sufficient  for  quarrying  could  be  obtained  from  Marble  Creek. 
The  fall  of  300  feet  between  the  claims  and  the  beach  in  a  distance  of  a  mile 
and  a  half  offers  no  serious  difficulty  in  tram  construction. 

COMMERCIAL  CONSIDERATIONS. 

By  B.  F.  BuRCHABD. 

FACTOBS  CONTBOLLING  VALTTE. 

The  value  of  a  marble  deposit  in  southeastern  Alaska  can  not  be 
judged  by  small  surface  samples  alone,  although  tests  of  such  sam- 
ples may  be  of  considerable  significance.  The  character  of  the  de- 
posit as  a  whole  must  be  considered,  or  at  least  of  so  much  of  it  as 
will  be  required  for  a  quarry,  as  well  as  extent,  color,  lack  of  ob- 
jectionable impurities  such  as  silica,  pyrite,  argillaceous  and  organic 
matter,  soundness,  absence  of  fractures  or  joint  planes  and  of  inter- 
secting dikes,  facility  of  quarrying  and  loading  on  vessels,  distance 
and  freight  rates  to  markets,  and  competition. 

The  feature  that  probably  will  cause  the  most  serious  hindrance 
to  profitable  quarrying  in  southeastern  Alaska  is  the  fracturing  and 
jointing  of  the  beds.  Observations  have  shown  that  this  condition 
is  very  prevalent  at  the  surface  in  this  region,  and  such  quarrying^ 
and  drilling  as.  has  been  done  has  shown  that  fractures,  or  ^^  shakes," 
as  they  are  called  locally,  extend  in  places  to  a  depth  of  at  least  100 
feet.  It  is  of  course  possible  that  at  greater  depths  sounder  stone 
will  be  found,  but  it  is  not  profitable  to  be  obliged  to  reject  a  large 
percentage  of  waste  simply  because  the  quantity  of  available  blocks 
of  the  requisite  size  is  limited  by  the  structure  of  the  deposit.    The 
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heavy  rainfall  and  the  influence  of  the  dense  vegetation  in  this  region 
have  softened  the  surface  marble,  in  places,  to  surprising  depths 
compared  with  those  noted  in  well-known  marble  regions  in  the 
United  States. 

The  practical  judgment  of  a  competent  marble  quarry  man  is  nec- 
essary to  decide  many  of  the  questions  relating  to  the  availability  of 
the  stone.  Cross  trenching,  a  common  form  of  prospecting  to  deter- 
mine the  surface  extent  of  a  marble  deposit,  must  be  supplemented  in 
southeastern  Alaska  by  the  core  drill.  A  careful  study  should  be 
made  at  the  surface  of  the  directions  or  strikes  of  the  several  sys- 
tems of  joints,  their  minimum,  maximum,  and  average  spacing,  the 
direction  and  angle  of  their  dip,  and  the  nature  of  the  fracturing 
that  is  not  related  to  the  systematic  jointing.  A  sufficient  number  of 
holes  should  then  be  drilled  to  such  depth  and  in  such  direction  that 
a  definite  idea  may  be  obtained  as  to  the  character  of  the  beds  below 
the  surface,  especially  in  relation  to  fracturing  and  jointing  and  the 
hardness  of  the  marble. 

Tests  of  the  cores,  including  chemical  analyi^  measurement  of 
size  of  grain,  absorption,  porosity,  compressive  strength,  and  polish, 
are  all  of  great  value,  but  satisfactory  tests  for  strength  and  pol- 
ish may  not  be  practicable  unless  the  core  is  2  inches  or  more  in 
diameter. 

FBOSPECTIKO. 

Important  technical  details  of  modei*n  prospecting  of  marble  de- 
posits have  been  recently  published  in  a  paper  by  Bowles,*  in  which 
the  following  suggestions  are  given  in  much  greater  detail. 

Value  of  geologic  maps. — Some  marble  beds  crop  out  in  long,  nar- 
i*ow  bands,  which  may  extend  for  many  miles.  These  bands  repre- 
sent truncated  edges  of  folded  strata  and  they  may  be  curved  or 
straight,  their  form  depending  on  the  topography  and  on  the  nature 
of  the  folds.  Other  marble  beds  have  irregular  outlines  owing  to 
faulting  or  to  incomplete  metamorphism  of  the  original  limestone 
mass.  Much  of  the  rock  surface  may  be  covered  with  gravel,  sand, 
or  clay  to  a  considerable  depth.  The  geologist  may,  by  a  careful 
study  of  outcrops  exposed  here  and  there,  obtain  a  knowledge  of  the 
chief  structural  features  and  may  thus  determine  the  position,  atti- 
tude, and  thickness  of  the  marble  beds  with  a  fair  degree  of  accuracy, 
even  if  they  are  almost  entirely  hidden  by  surface  debris.  If  geologic 
maps  of  marble  areas  are  carefully  made  they  are  of  inestimable 
value  to  the  marble  prospector.  By  accurately  locating  himself  in 
the  field  and  carefully  studying  a  geologic  map  the  prospector  may 
determine  the  position  of  the  marble  beds  beneath  the  surface  and 

>  Bowles,  OUver,  The  technology  of  marble  quarrying :  Bar.  Mines  Boll,  loe,  pp.  8<M6» 
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know  something  of  their  extent  and  attitude,  although  the  beds  are 
unseen.  It  is  important,  therefore,  that  all  available  geologic  maps 
of  the  region  be  consulted  freely. 

Detailed  prospecting, — ^Knowledge  of  the  suitability  of  any  partic- 
olar  site  can  be  gained  only  by  detailed  prospecting,  including  de- 
terminations of  the  depth  of  overburden  and  of.  surface  decay  of  the 
rock  and  of  the  extent,  quality,  impurities,  and  soundness  of  the  de-  , 
posit  It  is  unwise  to  proceed  with  development  work  without  rea- 
sonable assurance  that  an  available  mass  of  sound  and  attractive 
marble  is  sufficiently  uniform  in  quality  and  abundant  in  quantity 
for  profitable  exploitation. 

Determination  of  overburden. — ^The  depth  of  stripping  necessary 
uiay  be  determined  at  small  cost  by  putting  down  drill  holes.  Such 
preliminary  tests  may  save  much  wasteful  expenditure,  for  in  places 
stripping  has  been  attempted  without  any  previous  investigation  of 
the  depth  of  soil  to  be  removed,  and  greai  loss  has  resulted  from 
thus  working  blindly. 

In  estimating  the  necessary  cost  of  stripping  for  a  new  quarry  the 
attitude  of  the  marble  beds  must  be  taken  into  account.  If  the  beds 
are  flat  a  greater  area  of  rock  must  be  uncovered  than  if  they  are 
steeply  inclined  or  vertical. 

Conditions  relating  to  disposal  of  strippings  are  of  great  impor- 
tance. In  certain  places  it  is  a  matter  of  some  difficulty  to  find  a 
suitable  place  in  which  to  deposit  the  soil  that  must  be  removed ;  in 
other  places  the  soil  may  be  carried  to  neighboring  valleys  or  low- 
lying  areas  and  usefully  employed. 

Surface  study. — Surface  observations  of  the  marble  beds  are  of  . 
great  value,  especially  as  regards  jointing.  The  process  of  weather- 
ing tends  to  emphasize  all  unsoundness  and  thus  facilitates  the  study 
of  joint  systems.  Exposed  surfaces  may  also  permit  a  determina- 
tion of  dip  and  strike  and  the  thickness  of  the  beds.  In  determining 
the  quality  of  a  marble  deposit  a  study  of  uncovered  knobs  or  ledges 
should  not,  however,  be  deemed  sufficient.  On  accoimt  of  surface 
weathering  the  top  rock  may  differ  materially  from  the  deeper  parts 
of  the  deposit.  Moreover,  the  number  and  spacing  of  joints  at  the 
surface  may  be  no  indication  of  the  prevailing  conditions  at  depth. 
In  order  to  obtain  a  fair  idea  of  the  quality  and  soundness  of  the 
marble  and  the  supply  available,  drill  cores  should  be  taken  at  sev- 
eral points. 

Diamond-drill  prospecting, — ^The  ordinary  diamond  drill  will  give 
the  necessary  informfition  regarding  color,  uniformity,  and  general 
appearance  of  the  stone,  and  also  the  extent  of  the  formation.  It 
will  not,  however,  give  definite  information  concerning  the  dip  and 
the  strike  or  the  unsoundness  of  the  marble.  If  drill  cores  come  out 
in  long,  unbroken  sections  that  show  no  indication  of  cracks,  it  may 
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be  assumed  that  the  rock  is  fairly  sound.  If,  on  the  other  hand,  the 
core  is  in  short  sections,  the  rotation  of  the  drill  will  as  a  rule  have 
so  worn  and  rounded  the  broken  ends  that  it  will  be  impossible  to 
determine  whether  the  breaks  are  due  to  natural  planes  of  weak- 
ness in  the  rocks  or  to  the  process  of  drilling  itself. 

A  method  of  prospect  drilling  that  has  been  employed  involves  the 

«  use  of  the  double-core  barrel  drill,  consisting  of  an  outer  and  an 

inner  tube,  which  was  designed  primarily  for  drilling  bituminous 

coal  and  operates  in  such  a  manner  as  to  bring  out  a  core  from 

delicate  material  with  a  minimum  of  breaking  or  other  damage. 

The  use  of  such  a  drill  enables  the  prospector  to  judge  the  un- 
soundness of  the  marble  at  points  beneath  the  surface,  for  by  exami- 
nation of  the  ends  of  the  sections  of  drill  core  he  can  generally  inter- 
pret the  breaks  and  state  whether  they  are  due  to  natural  joint  planes 
in  the  rock  or  to  the  process  of  drilling.  If  the  cores  are  properly 
'  oriented,  the  proximity  and  direction  of  all  natural  cracks  in  the 
rock  and  in  the  immediate  vicinity  of  the  drill  holes  may  thus  be 
ascertained.  If  the  marble  deposit  is  well  exposed,  the  dip  and  the 
strike  may  be  determined  from  examination  of  the  outcrops.  If, 
however,  it  is  completely  buried,  these  features  may  be  determined 
from  the  drill  cores  if  they  are  carefully  oriented. 

Information  should  be  obtained  with  a  minimum  number  of  drill 
holes.  In  this  respect  prospecting  for  marble  differs  materially 
from  prospecting  for  metalliferous  ores,  as  the  soundness  of  the  ore 
is  not  important,  whereas  with  the  marble  every  crack  or  cavity 
increases  the  proportion  of  waste  in  the  quarried  product.  A  drill 
hole  in  a  quarry  may  be  nearly  as  objectionable  as  a  crack.  If  the 
deposit  lies  flat  or  nearly  so,  a  single  well-placed  core  driven  entirely 
through  the  deposit  will  give  information  as  to  the  character  of  the 
marble  and  show  whether  it  is  one  homogeneous  mass  or  is  divided  by 
streaks  of  color  or  open  beds  into  different  layers  and  whether  the 
layers  differ  in  character.  If,  however,  the  deposit  dips  at  a  mod- 
erate angle  and  is  comparatively  thick,  the  best  way  to  determine 
its  thickness  and  the  character  of  its  beds  is  to  lay  out  a  line  of  drill 
holes  at  right  angles  to  the  strike.  The  first  drill  hole  that  pene- 
trates the  upper  beds  should  begin  in  the  hanging  wall,  the  bed 
immediately  overlying  the  marble  bed.  The  holes  should  be  of  such 
depth  and  spacing  that  the  bottom  of  a  hole  in  the  upper  beds  will 
penetrate  the  same  layer  as  the  top  of  the  neighboring  hole  on  the 
side  toward  the  footwall.  The  core  nearest  the  footwall  should 
reach  and  penetrate  this  wall.  By  this  method  a  series  of  core  holes 
of  moderate  depth  will  supply  samples  from  all  the  beds,  and  the 
relatively  high  cost  of  drilling  deep  holes  penetrating,  the  entire  de- 
posit will  be  avoided. 
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A  marble  deposit  in  which  the  color,  texture,  or  other  qualities  are 
highly  satisfactory  may  nevertheless  not  warrant  commercial  de- 
velopment because  of  joints  and  cracks.  Most  joints  occur  in  two 
systems,  the  openings  in  each 'system  being  approximately  parallel 
with  one  another  and  the  two  systems  being  more  or  less  nearly  at 
right  angles.  In  Alaskan  deposits  generally  more  than  two  systems 
are  present.  The  spacing  of  the  cracks  varies  widely  in  different 
deposits  and  even  in  different  parts  of  the  same  deposit.  In  many 
places  cracks  persist  to  almost  any  depth  to  which  quarrying  opera- 
tions have  been  carried.  It  is  important  to  determine,  if  possible, 
which  of  the  cracks  that  appear  at  the  surface  are  likely  to  persist, 
and  also  their  nature  and  spacing  in  the  deeper  parts  of  the  deposit. 
Where  the  cracks  are  nearly  veilical  a  vertical  core  taken  out  of 
marble  that  is  unsoimd  may  reveal  the  presence  of  only  a  few  of  the 
cracks.  There,  under  such  conditions,  a  vertical  hole  is  not  reliable 
as  a  means  of  estimating  the  unsoundness  to  be  encountered. 

It  is  practically  impossible  to  take  out  good  cores  that  are  repre- 
sentative of  the  deposit  from  horizontal  drill  holes.  The  core  from 
a  horizontal  hole  invariably  breaks  into  short  pieces,  which  grind'on 
each  other,  in  spite  of  the  use  of  the  double-core  barrel.  Therefore, 
if  the  marble  beds  lie  flat,  or  nearly  so,  unsoundness  must  be  pros- 
pected for  by  inclined  core  holes ;  otherwise  the  cores  will  not  yield 
the  information  desired.  If  the  marble  deposit  stands  at  a  high 
angle,  one  set  of  core  holes  driven  in  an  inclined  direction  and  pene- 
trating from  the  hanging  wall  to  the  footwall,  or  the  reverse,  can  be 
laid  out  so  as  to  give  the  information  required  as  to  the  quality  of  the 
stone  and  also  the  unsoundness.  It  is  important  to  take  cores  near 
the  top,  near  the  middle,  and  near  the  bottom  of  the  deposit,  because 
the  unsoundness  may  vary  in  different  beds,  as  well  as  in  different 
parts  of  the  same  bed. 

In  order  to  get  the  fullest  information  from  an  inclined  core  hole 
the  core  parts  should  be  matched  up  from  one  end  to 'the  other  and 
placed  as  fast  as  obtained  on  an  inclined  rack  that  will  hold  the  core 
in  a  position  parallel  with  the  hole  from  which  it  was  taken.  While 
the  core  is  in  this  position  the  compass  bearing  of  the  cracks  and  also 
the  angle  that  they  make  with  tlie  core  can  easily  be  determined. 
From  this  information  a  plan  may  be  made  from  which  the  probable 
percentage  of  marble  unaffected  by  unsoundness  may  be  computed 
with  reasonable  accuracy. 

Asa  rule,  drill  cores  are  not  preserved  with  sufficient  care  by  quar- 
rynien.  They  are  often  carelessly  stored,  lost,  or  given  away  as  sam- 
ples. It  is  important  that  every  part  of  every  drill  core  be  carefully 
marked  and  stored  for  future  reference.  It  must  not  be  assumed  that 
the  value  of  drill  cores  disappears  after  their  first  investigation. 
They  are  invaluable  records,  which  should  be  available  at  all  times. 
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All  drill  cores  should  be  polished  on  one  side,  in  order  to  facilitate 
determination  of  color,  uniformity,  and  degree  of  polish  that  may  be 
obtained.  It  is  well  to  supplement  the  evidence  of  the  cores  by  strip- 
ping the  marble  along  each  line  of  holes,  and  also  to  dig  a  trench  or 
two  at  right  angles  to  each  line  of  core  holes,  so  as  to  expose  the 
marble  to  some  extent  along  the  strike. 

THE  PBOBLEM  OF  WASTE. 

As  the  problem  of  waste  is  one  of  the  most  important  to  be  con- 
sidered in  connection  with  the  marble  industry  in  southeastern 
Alaska,  it  seems  fitting  to  refer  here  to  certain  principles  discussed  in 
the  recent  publication  by  Bowles,^  who  has  made  a  study  of  marble 
Quarrying  with  special  reference  to  safety,  effidency  of  operation, 
and  prevention  of  waste. 

The  problem  of  waste  is  twofold.  In  the  first  place  it  has  to  do 
with  improved  equipment  and  modem  methods  of  excavation  which 
tend  to  keep  the  proportion  of  waste  at  a  minimum ;  and  in  the  sec- 
ond place  it  deals  with  the  various  uses  to  which  waste  material 
may  be  applied.  In  other  words,  it  is  a  problem,  first,  of  waste 
elimination  and,  second,  of  the  utilization  of  whatever  waste  is  un- 
avoidable. 

Waste  elimination  is  much  more  desirable  than  waste  utilization. 
Methods  that  result  in  excessive  waste  should  not  be  countenanced 
merely  because  an  outlet  has  been  found  for  waste  material  in  the  form 
of  by-products.  As  a  rule  the  cash  return  from  quarry  by-products 
is  only  a  fraction  of  the  production  cost  of  the  waste  material  from 
which  they  are  supplied.  As  an  illustration,  it  may  be  assumed  that 
a  moderate  cost  of  marble  excavation  (in  1915)  is  25  cents  a  cubic 
foot,  or  $3  a  ton.  A  fair  price  for  riprap  is  50  cents  a  ton,  one-sixth 
of  the  cost  of  excavation.  The  quarryman  seeks  a  market  for  rip- 
rap, not  because  the  production  of  riprap  is  profitable,  but  for  the 
reason  that  h^  prefers  to  obtain  one-sixth  of  the  cost  of  his  waste 
material  rather  than  to  receive  nothing  at  all.  By  eliminating  a 
ton  of  waste  he  saves  $3,  whereas  by  marketing  it  he  saves  only  50 
cents. 

WASTE  ELIMINATION. 

The  loss  of  a  part  of  the  good  stcme  is  unavoidable.  Channeling, 
drilling,  scabbing,  sawing,  and  coping  are  all  necessary  operations 
which  use  up  an  appreciable  share  of  the  stone.  In  addition  to  losses 
due  to  the  processes  of  manufacture,  more  or  less  stone  must  be  thrown 
away  on  account  of  imperfections.  It  is,  however,  the  throwing  away 
of  masses  containing  many  cubic  feet  of  good  stone,  or  the  handling 

*BowIes»  Oliver,  op.  dt,  pp.  108-120. 
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•f  an  excessive  amount  of  inferior  material,  which  constitutes  the 
serious  and,  for  the  most  part,  avoidable  losses. 

The  natural  imperfections  in  marble  that  constitute  the  source  of 
the  greater  losses  are  unsoundness,  strain  breaks,  impurities,  and  lack 
of  uniformity  either  in  color  or  texture. 

Systematic  prospecting  is  a  first  step  toward  waste  elimination. 
Before  operations  are  started  the  outcrop  or  stripped  surface  should 
be  mapped  carefully  to  show  the  direction  of  strike  and  dip  and  the 
directions  of  the  chief  joint  systems.  Naturally  the  quarry  walls 
should  parallel  those  rock  structures  that  are  most  pronounced.  If 
the  beds  are  tilted  and  if  inferior  beds  alternate  with  those  of  good 
quality,  it  may  seem  advisable  to  make  the  quarry  walls  parallel  the 
strike  and  dip.  If  the  rock  is  of  uniform  quality  but  intersected  by . 
prominent  joint  systems,  the  quarry  walls  should  be  parallel  and  at 
right  angles  to  the  chief  joints,  or  possibly  the  contiguous  walls 
should  parallel  the  two  chief  systems  of  joints  if  these  should  meet  at 
oblique  angles.  Careful  mathematical  calculations  may  be  necessary 
before  it  can  be  determined  definitely  which  plan  will  give  the  mini- 
mum of  waste.  If  a  mistake  has  been  made  in  the  original  plan  of 
quarrying,  it  is  possible  to  change  the  plan  and  quarry  parallel  with 
the  chief  rock  structures.  By  such  a  change,  however,  comers  are  left 
and  the  original  floor  space  greatly  reduced. 

The  depth  of  inferior  rock  due  to  surface  alteration  is  an  important 
consideration.  Although  the  actual  value  of  the  untouched  material 
may  be  negligible,  the  cost  of  handling  great  quantities  of  waste  mate- 
rial adds  greatly  to  the  expense  of  quarrying.  The  removal  of  such 
material  may,  under  certain  conditions,  be  avoided  by  driving  tunnels. 

If  the  tunnel  is  driven  in  good  marble  a  large  quantity  of  good 
material  is  thus  destroyed.  If  practicable,  the  opening  should  be 
driven  in  an  inferior  bed.  The  blasting  required  in  tunnel  work 
demands  care  to  avoid  shattering  the  good  marble. 

A  condition  of  strain  within  the  marble  mass  has  in  certain 
places  caused  so  great  a  proportion  of  waste  that  the  workings 
have  been  abandoned.  The  rock  is  under  a  severe  compressive 
stress  usually  in  one  direction  only.  Quarrying  relieves  the  stress 
at  certain  points,  and  the  consequent  expansion  may  cause  fractur- 
ing. Furthermore,  the  expansion  of  one  mass  that  is  still  in  rigid 
oomiection  with  the  main  mass  still  under  compression  may  cause 
iiregular  or  oblique  fractures  to  form  between  the  two  masses. 
In  order  to  avoid  the  waste  due  to  this  cause  relief  should  be  af- 
forded by  uniform  expansion  of  as  large  a  mass  as  possible  at  one 
time.  To  this  end  a  line  of  closely  spaced  deep  holes  should  be 
drilled  along  each  side  of  the  quarry  parallel  with  the  direction 
of  compression,  with  a  similar  line  of  holes  across  the  quarry  at 
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right  angles  to  the  first  line.  The  rock  will  expand  and  close  the 
holes  in  the  latter  line,  and  the  strain  will  thereby  gain  relief.  For 
a  complete  discussion  of  the  problem  of  strain  breaks  the  reader 
is  referred  to  pages  12^145  of  Bureau  of  Mines  Bulletin  106. 

/Unsoundness  is  the  most  prolific  source  of  waste,  and  the  one 
that  is  receiving  least  attention  in  the  majority  of  American  marble 
quarries.  Too  great  emphasis,  therefore,  can  not  be  placed  on  this 
phase  of  the  waste  problem.  Channeling  regardless  of  unsoundness 
probably  accounts  for  the  loss  of  a  greater  quantity  of  good  marble 
than  any  other  single  cause.  Waste  results  wherever  joints  pass 
through  blocks,  and  the  waste  becomes  excessive  when  they  pass 
obliquely.  A  reduction  to  a  minimum  of  this  form  of  waste  in- 
volves first  a  modification  of  channeling  and  drilling  directions  in 
order  that  they  may  conform  with  the  directions  of  the  chief  joint 
systems,  and  second  a  variation  in  the  spacing  of  cuts  to  make  them 
coincide  with  joints  and  thus  eliminate  the  joints  from  the  blocks. 

In  addition  to  the  sources  of  waste  discussed  above,  Bowles  takes 
up  in  turn  waste  due  to  lack  of  uniformity,  to  irregular  blocks,  to 
impurities,  to  bad  color,  and  to  strain  breaks  in  quarrying,  and  makes 
practical  suggestions  for  oyercoming  to  a  large  extent  the  influence 
of  these  disadvantages.  He  points  out,  for  instance,  that  in  quarry- 
ing marble  varying  in  color  or  texture  an  endeavor  should  be  made 
so  to  quarry  as  to  produce  material  that  can  be  closely  classified, 
by  drilling,  channeling,  and  cross  breaking,  as  nearly  as  possible 
along  boundaries  between  different  grades  of  material.  In  treat- 
ing of  waste  due  to  irregular  blocks  he  has  sketched  the  various 
forms  of  irregular  blocks  as  quarried,  outlined  the  circumstances 
under  which  they  are  produced,  and  showed  the  necessity  for  taking 
into  consideration  the  prevailing  rock  structure  in  laying  out  the 
quarry  and  in  cutting  out  the  blocks  of  marble.  If  the  marble  is 
sound  right-angled  blocks  are  doubtless  the  most  economical,  but  in 
quarrying  unsound  or  nonuniform  material  conformity  with  struc- 
ture may  demand  that  the  iDlock  be  acute-angled,  and  obviously  this 
is  the  most  economical  form  to  produce  under  such  circumstances. 
Bowles  also  points  out  that  the  nature  of  the  product  has  an  im- 
portant bearing  on  the  matter  of  waste,  and  that  if  the  blocks  are 
entirely  cut  into  thin  stock  there  should  be  relatively  little  waste 
from  inclined  blocks.  He  has  sunmiarized  certain  rules  governing 
the  shape  of  blocks  as  follows : 

1.  Effort  should  be  made  to  produce  right-angled  blocks,  unless  there  is  a 
valid  reason  for  doing  otherwise. 

2.  Quarrying  on  a  level  floor  and  splitting  diagonally  to  form  monocUnic 
blocks  may  be  Justified  where  much  thin  stock  is  produced.  If  much  cubic 
stock  is  desired,  the  quarry  man  should  consider  carefully  the  advisabiUty  of 
channeling  on  an  iucUned  floor  in  order  to  produce  right-angled  blocks. 
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3.  A  direction  of  cbanneling  that  results  in  inclined  beds  separated  by  open 
1)6ddlng  seams  pitching  into  the  comer  of  a  qnarry  should  by  all  means  be 
aroided.  The  same  is  true  of  inclined  beds  that  are  not  separated  by  open 
snms  but  have  a  decided  rift  or  color  distribution  parallel  with  the  bedding. 

4.  As  regards  unsound  or  nonuniform  material,  although  an  effort  should  be 
made  to  avoid  oblique  angles,  conformity  of  cuts  with  structure  is,  as  a  rule, 
more  economical  than  right-angled  cuts. 

With  regard  to  the  avoidance  of  waste  due  to  impurities,  such  as 
silica,  dolomite,  pyrite,  and  mica,  the  chief  advice  given  by  Bowles 
is  to  avoid  so  far  as  possible  the  quarrying  of  marble  beds  containing 
these  minerals,  especially  if  the  material  is  to  be  used  for  exterior 
work. 

WASTE  UTILIZATION. 

Although  the  proportion  of  waste  may  be  kept  at  a  minimum  by 
the  adoption  of  economical  quarry  methods  and  efficient  machinery, 
there  is  always  more  or  less  Unavoidable  waste.  The  second  phase 
of  the  problem  of  rock  waste  therefore  is  concerned  with  utilizing  the 
waste  material.  Many  manufacturers  have  found  that  the  manu- 
facture and  sale  of  by-products  from  otherwise  waste  materials  have 
placed  their  industries  on  a  profitable  basis.  There  are  various  diffi- 
culties in  the  way  of  developing  waste  utilization  so  far  as  most 
marble  deposits  in  Alaska  are  concerned.  The  lack  of  a  local  market 
for  rock  products  hinders  activity.  Freight  rates  to  possible  markets 
oiay  be  excessive. 

Among  the  important  uses  that  have  been  suggested  for  waste 
marble  that  might  be  applicable  in  Alaska  and  on  the  Pacific  coast 
are  in  riprap,  for  shore  protection ;  for  road  material ;  for  burning 
into  lime;  for  use  in  a  pulverized  form  for  improvement  of  soils; 
and  for  smelter  flux. 

LOCAL  SAWING  PLANTS. 

Thus  far  the  products  of  Alaska  marble  quarries  have  been  confined 
practically  to  marble  for  interior  finishing  (see  "  Uses,"  p.  110),  and 
the  percentage  of  waste  in  quarrying  is  necessarily  great,  because  it 
does  not  pay  to  ship  blocks  that  can  not  be  almost  entirely  sawed 
into  large  and  perfect  slabs  for  polishing.  Much  of  the  marble 
appears  to  be  of  suitable  character  for  exterior  construction  and 
local  sawing  plants  might  produce  much  dimension  marble  from 
blocks  of  such  stone  that  would  otherwise  be  rejected.  Small  polish- 
ing plants  might  also  utilize  much  of  the  waste  marble  by  working 
it  up  into  the  smaller  slabs  required  for  base  boards,  tiles,  plumbing 
fixtures,  moldings,  and  the  like.  A  small  sawing  plant  was  in- 
stalled at  one  quarry  in  southeastern  Alaska,  but  operations  were 
BOOH  discontinued  and  no  figures  are  available  as  to  the  relative  costs 
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of  operation  there  and  on  Puget  Sound;  it  is  understood,  however^ 
that  the  high  cost  of  coal  in  this  part  of  Alaska  makes  manufactur- 
ing generally  rather  expensive.  Moreover,  the  Puget  Sound  cities 
are  supplied  with  relatively  cheap  electric  power. 

WATEB  FOWEB  AND  ELBCT&ICITY. 

In  southeastern  Alaska,  according  to  Canfield,^  water  power  has 
been  developed  at  15  or  more  places,  aggregating  35,100  horse- 
power. It  is  reported  that  abundant  water  power  is  available  on 
Kosciusko  Island,  near  Holbrook,  less  than  4  miles  from  the  marble 
quarries  on  Marble  Island.  To  deliver  electric  power  to  Marble 
and  Orr  islands  a  cable  would  have  to  be  laid  across  a  channel 
measuring,  according  to  the  Coast  and  Geodetic  Survey  charts,  about 
8,400  feet  in  width  and  120  feet  in  depth;  or  else  a  line  several  miles 
longer  would  have  to  be  built  around  the  head  of  Tpkeen  Bay.  In 
the  southeastern  part  of  Prince  of  Wales  Island  and  on  Revilla- 
gigedo  Island  the  appearance  of  certain  mountain  streams  and  water- 
falls suggests  the  possibility  of  power  not  yet  utilized.  It  should  be 
stated,  however,  that  none  of  these  streams  have  been  studied  by  the 
writer  with  reference  to  their  source  of  supply,  and  that  unless  fed 
from  natural  reservoirs  such  streams  can  not  be  relied  on  to  furnish 
power  throughout  the  year. 

A  systematic  investigation  was  begun  by  the  Geological  Survey 
in  cooperation  with  the  Forest  Service  in  the  spring  of  1915,  to 
determine  the  location  and  the  feasibility  of  water-power  sites  in 
southeastern  Alaska,  for  it  was  realized  that  lack  of  definite  informa- 
tion in  regard  to  the  quantity  of  water  available  and  other  physical 
factors  that  determine  the  feasibility  of  a  power  site  has  been  one 
of  the  principal  impediments  to  development.  From  the  prelim- 
inary report '  on  these  investigations  the  following  data  are  quoted 
which  appear  to  be  of  interest  in  connection  with  the  possible  de- 
velopment  of  marble  deposits: 

In  the  summer  of  1914  Leonard  Lundgren,  central  district  engineer  of  the 
Forest  Service,  made  a  reconnaissance  of  water-power  sites  in  southeastern 
Alaska  to  determine  the  possibility  of  establishing  the  pulp  industry  in  the 
Tongass  National  Forest,  which  covers  a  large  part  of  southeastern  Alaska^ 
In  connection  with  this  reconnaissance  a  census  of  water  powers  was  taken 
(see  following  table),  which  has  been  revised  by  Mr.  Lundgren  to  January  1^ 
1916,  and  is  here  published  by  courtesy  of  the  Forester. 

>  Canfleld,   G.   H.,   Water-power  investigations  in  soutbeaBtem   Alaska :    U.    Gr.   Q«ol. 
Survey  Ball.  642,  p.  106,  1916. 
s  Idem,  pp.  106-108. 
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Deveiaped  loater  power$  in  touthetutern  Alaska  January  1,  1916,  in  horsepower. 
[Prepared  by  Leonard  Lund^ren,  district  e&fflneer,  U.  S.  Forest  Service.] 

Ketchikan  region: 

Citizens  Light,  Power  A  Water  Co 2,000 

New  England  Fish  Co 2,200 

Miscellaneous  plants 1, 000 

5,200 

Wrangell  region 0 

Sitka  region: 

Sitka  Wharf  &  Power  Co 350 

Chlchagof  Mining  Co 500 

Miscellaneous  plants 150 

1,000 

Juneau  region: 

Alaska-Treadwell  Mining  Co. : 

Douglas  Island  plant 4,000 

Sheep  Creek  plant 4, 100 

Nugget  Creek  plant 5,700 

13,800 

Alaska-Gastlneau  Mining  Co.: 

Salmon  Creek  plant.  No.  1 4, 000 

Salmon  Creek  plant.  No.  2 4,000 

Annex  Creek  plant 5,000 

13,000 

Alaska  Electric  Light  &  Power  Co 1,000 

Miscellaneous   plants _    1. 000 

28,800 

Skagway   region 100 


35,100 


I>uring  the  last  few  years  some  large  water-power  plants  have  been  installed 
near  Juneau  to  supply  power  for  mining,  and  attention  has  been  called  to  the 
feasibility  of  improving  other  power  sites  In  that  region  and  elsewhere  In 
soQtheastem  Alaska,  to  meet  the  increasing  demand  for  power  to  be  used  In 
iDlning,  lumbering,  and  fisheries,  and  the  possible  future  demand  for  Its  use 
In  the  manufacture  of  wood  pulp  and  electrochemical  products.  The  streams 
on  which  it  Is  possible  to  develop  power  and  the  bays  or  other  water  bodies 
Into  which  these  streams  discharge  are  listed  in  the  following  table: 

8tream9  affording  power  sites  in  southeastern  Alaska,  with  position  or  toater 

bodies  into  which  they  flow. 

Mainland. 

Porcupine  River,  near  Porcupine.' 
Endicott  River,  west  coast  of  Lynn  Canal. 
Cowle  and  Davles  creeks,  Berners  Bay. 
Lemon  Creek,  near  Juneau.* 
Carlson  Creek,  Taku  Inlet.* 
Turner  Lake  outlet,  Taku  Inlet.* 


'  Gaging  station  maintained  In  1900  by  Porcupine  Gold  Mining  Co. 

'Qaging  station  being  maintained  by  mining  company  of  Juneau. 

*  Gaging  station  being  maintained  by  AlaBka-Gaatineau  Mining  Co.,  of  Juneau. 

« Gaging  station  maintained  in  1908  and  1009  by  Alaska-Treadwell  Gold  Mining  Co. 


108  MARBLE  RESOURCES  OF  SOUTHEASTERN  ALASKA. 

Speel  River,  Speel  River  project.  Port  Snettisham. 
GrlndBtone  Greek,  north  shore  of  Stephens  Passaga 
Rheln  Greek,  north  shore  of  Stephens  Passage. 
Long  Lake  outlet,  Speel  River  project,  Port  Snettisham.' 
Grater  Lake  outlet,  Speel  River  project.  Port  Snettisham.' 
Tease  Lake  outlet,  Speel  River  project.  Port  Snettisham. 
Sweetheart  Falls  Greek,  south  arm  of  Port  Snettisham.' 
Port  Houghton,  Stephens  Passage. 
Farragut  Bay,  Frederick  Sound. 
Mill  Greek,  near  Wrangell.' 

Bradfleld  Ganal,  upper  end  of  Cleveland  Peninsula. 
Smugglers  Gove,  southeast  shore  of  Gleveland  Peninsula. 
Helm  Bay,  southeast  shore  of  Gleveland  Peninsula. 
Shelockham  Lake  outlet,  Bailey  Bay.* 
Ghickamin  River,  east  shore  of  Behm  GanaL 
Rudyerd  Bay,  east  shore  of  Behm  Ganal. 

Barmnof  ItlMid. 

Port  Gonclusion,  southeast  coast. 

Patterson  Bay,  east  coast. 

Red  Bluff  Bay,  east  coast. 

Gascade  Bay,  east  coast 

Baranof  Lake  outlet.  Warm  Spring  Bay,  east  coast.* 

Kasnyku  Bay,  east  coast. 

Green  Lake  outlet.  Silver  Bay,  west  coast." 

Necker  Bay,  west  coast. 

Deep  or  Redoubt  Lake,  west  coast. 

Chldiacof  Island. 

Slocum  Arm,  west  coast. 
Suloia  Bay,  Peril  Strait. 
Khaz  Bay,   west  coast. 
Freshwater  Bay,  east  coast. 
Sitkoh   Bay,   southeast  coast. 
Basket  Bay,  southeast  coast. 

Admiralty  Island. 

Kootznahoo  Inlet,  west  coast. 
Hood  Bay,  west  coast. 

Koadaako  Island. 

Davidson  Inlet. 

Prlnca  of  Wales  Island. 

Karta  River,  Karta  Bay.' 

Whale  Passage,  behind  Thorne  Island,  northeast  coast. 
Myrtle  Lake  outlet,  near  Niblack  post  office. 
Reynolds  Greek,   near   Goppermount. 


*  Gaffing  station  maintained  since  January,  1913,  by  the  Speti  Biver  project  of  Juneau. 
'Gaging  station  maintained  by  U.  8.  Geological  Survey. 
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B«TlIIa«ic«do  laUad. 

Orchard  Lake  outlet,  at  Shrimp  Bay.* 

Beaver  Falls,  George  Inlet 

White  River,  George  Inlet 

Creek,  east  shore  near  head  of  Carroll  Inlet 

Fish   Creek,  Thorne  Arm.' 

Ookatchln  Creek,  Thorne  Arm. 

Ketdiikan  Creek,  <it  Ketchikan.^ 

Annette  Island. 
Tamgas  Harbor. 

TSANSPOBTATION. 

All  the  marble  properties  in  southeastern  Alaska  thus  far  devel- 
oped and  a  great  many  undeveloped  deposits  are  situated  either 
close  to  or  directly  on  deep  water.  At  present  marble  in  rough 
blocks  is  carried  by  freight  steamers  to  Tacoma,  Portland,  and  San 
Francisco.  Freight  rates  have  been  much  reduced  in  the  last  few 
years  through  competition  and  are  reported  to  be  moderate  at 
present. 

COMPETITION. 

Considerable  marble  is  still  shipped  to  the  Pacific  coast  from 
quarries  in  the  eastern  United  States,  mainly  Vermont  and  Ten- 
nessee, and  some  is  imported  from  Italy.  The  output  of  Alaska 
marble  is  increasing,  however,  and  there  is  said  to  be  a  market  for 
all  of  it  that  can  be  produced.  In  the  western  half  of  the  United 
States  marble  quarries  and  prospects  have  been  opened  in  Stevens 
County,  Wash.;  Josephine  County,  Oreg.;  Inyo  and  Tuolumne 
counties,  Calif.;  Cochise  County,  Ariz.;  Otero  County,  N.  Mex.; 
White  Pine  County,  Nev.;  Beaver  County,  Utah;  and  Gunnison 
County,  Colo.  Only  the  product  of  the  California  and  Colorado 
quarries  has  been  of  commercial  importance  thus  for. 

In  British  Columbia  large  deposits  of  marble  are  known  along  the 
sounds,  on  the  coast,  and  in  the  interior.  Among  those  on  Vancouver 
Island  are  deposits  on  Nootka  Sound  and  at  Beaver  Cove.  The 
deposit  on  Nootka  Sound  was  once  quarried  but  is  reported  not  to 
have  been  operated  since  1909.  On  Malaspina  Inlet  two  small  de- 
posits have  been  noted,  one  of  which  is  of  white  marble  and  the 
other  of  gray  and  white  marble,  mixed  with  serpentine.  The  prin- 
cipal marble  quarry  in  the  Province  is  that  of  the  Canadian  Marble 
&  Granite  Co.,  on  the  Canadian  Pacific  Railway  between  Lardo  and 
Trout  Lake.    This  quarry  is  efjuipped  with  finishing  works  and 
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supplies  the  greater  part  of  the  marble  used  in  British  Columbia. 
White  marble  is  reported  near  the  town  of  Wycliffe,  on  the  Kim- 
berly  branch  of  the  Canadian  Pacific  Railway,  and  doloniitic  mar- 
ble of  various  colors  in  the  Bocky  Mountain  region  on  the  slopes  of 
Mount  Ogden,  2  miles  from  the  mouth  of  Yoho  Biver. 

It  is  not  likely  that  during  the  maintenance  of  the  present  tariff 
on  marble  much  of  the  Canadian  product  can  be  sold  profitably 
within  the  United  States,  nor  can  the  Alaskan  product  be  delivered 
in  Canada,  although  it  must  pass  through  Canadian  waters  on  the 
way  to  the  United  States. 

P&OBXrCTIOH. 

According  to  the  Survey  records  the  first  marble  produced  in 
Alaska  was  quarried  in  1901  by  the  Alaska  Marble  Co.  at  Calder, 
and  the  first  shipment  to  the  United  States  was  made  in  1902.  For 
the  years  1902  and  1903  no  production  was  reported,  but  beginning 
with  1904  the  output  has  steadily  increased  year  by  year.  It  is  not 
possible  to  give  the  statistics  of  production  by  years,  for  in  only  one 
year  were  there  more  than  two  reporting  producers,  and  it  is  the  cus- 
tom of  the  United  States  Geological  Survey  to  avoid  publishing  fig- 
ures that  might  reveal  individual  operations.  In  all,  however,  &om 
1901  to  1919  Alaska  producers  have  reported  total  shipments  of  un- 
finished marble  to  the  United  States  of  an  approximate  value  of 
$1,830,000.  Not  included  in  this  total  is  a  small  output  of  marble 
used  locally  for  tombstones  and  monuments. 

USES  OF  ALASKA  MABBLE. 

Small  quantities  of  marble  have  been  shipped  to  the  United  States 
from  the  quarries  of  the  Alaska,  El  Capitan,  Mission,  and  Alaska- 
Shamrock  companies,  but  by  far  the  greater  part  of  the  output  has 
come  thus  far  from  the  quarry  of  the  Vermont  Marble  Co.  on  Marble 
Island.  The  product  of  this  quarry  is  shipped  to  the  electrically 
driven  mill  owned  by  the  company  at  Tacoma,  Wash.,  where  the 
rough  blocks  are  sawed  into  smaller  blocks  for  turning  and  planing 
and  into  slabs  three-quarters  of  an  inch  to  1  inch  thick  for  polishing. 
The  slabs  and  sawed  blocks  are  worked  up  into  wainscotings,  ceilings, 
floor  tiles,  moldings,  fixtures,  rails,  balustrades,  and  a  variety  of 
forms  for  interior  finish  and  decoration.  The  market  for  these  prod- 
ucts is  principally  in  the  cities  of  the  Pacific  Coast  States,  but  it  ex- 
tends as  far  eastward  as  the  Atlantic  seaboard. 

In  the  important  buildings  listed  below  (to  1916)  marble  from 
Tokeen,  Alaska,  is  reported  to  have  been  used  in  interior  woi^.  (See 
Pis.  XXIII-XXV.) 
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SEATTLE,    WASH. 

Arctic  Club. 

Hoge  Building. 

Lyons  Building. 

Height  Building. 

L  C.  Smith  Building. 

Bank  of  California  Building. 

McCormick  Hotel. 

King  County  courthouse. 

TACOICA,  WASH. 

National  Realty  Building. 
Perkins  Building. 
Tacoma  Building. 

BELUNOHAM,   WASH. 

United  States  post  office. 

NOBTH   TAKIMA,    WASH. 

United  States  Post  Office. 

WALLA  WALLA,   WASH. 

Walla  Walla  County  Courthouse. 

VANGOUTEB,  B.  0, 

Pacific  Building. 
Rogers  Building. 

VICTOBIA,   B.   C. 

.Sayward  Building. 

PORTLAND,    OBEO. 

SpauMing  Building. 
Wilcox  Building. 
Teon  Building. 
Selling  Building. 
Littman-Wolfe  Building. 
Or^on  Journal  Building. 
Multnomah  Building. 
Stevens  Building. 

THE  DALLES,  OBEG. 

The  Dalles  County  Courthouse. 

SAN  FBANdSOO,  CALIF. 

Flatlron  Building. 
Odd  Fellows  Building. 
Sharon  Estate  Building. 
Hobart  Building. 


OAKLAND,   CALIF. 

Federal  Realty  Building. 
Bankers  Investment  Building. 
Realty  Syndicate  Building. 
Oakland  Manual  Training  School. 
Harrison  Hotel  and  Apartments. 

BACBAMENTO,    CALIF. 

Capital  National  Bank  Building. 
Forum  Building. 
Travelers  Hotel. 

FBESNO,  CALIF. 

Griffith  McKenzie  Building. 
Rowell  Building. 

LOS    ANGELES,    CALIF. 

Black  Building. 

Los  Angeles  Investment  Building. 

Title  Insurance  and  Trust  'Building. 

Van  Nuys  Building. 

Brockman  Building. 

Community  Mausoleum,  Inglewood. 

Haas  Building.  « 

HolUngworth  Building. 

Merchants  National  Bank  Building. 

Marsh-Strong  Building. 

.Southern  Pacific  Passenger  Station. 

SAN  DIEGO,  CALIF. 

Central  Mortgage  Building. 
Spreekels  Theater. 
United  States  Post  Office. 

SANTA  B08A,  CAUF. 

Community  Mausoleum. 

PBESmiO,    CAUF. 

United  States  General  Hospital. 

MODESTO,  CALIF. 

Community  Mausoleum. 

HONOLULU,  HAW  An. 

Pearl  Harhor  Naval  HospitaL 

BOISE,  IDAHa 

State  Capitol. 
Gem  Building. 
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MOSCOW,    IDAHO. 

United  States  Post  OfBce. 

LEWISTON,   IDAHO. 

United  States  Post  Office. 

SALT   LAKE  CITY,   UTAH. 

Walker  Building. 
National  City  Bank  Bailding. 
Empress  Theater. 
Newhouse  Hotel. 

OGDEN,  UTAH. 

Bccles  Building. 


OBBAT   YAIXB,    XONT. 

Ford  Commercial  Building. 

ST.  PAUL,  MINN. 

Great  Northern  Railway  Building. 

PITTSBUBOH,  PA. 

City  and  County  Building. 

PHILADELPHIA,    PA. 

Finance  Building. 

BOSTON,    MASS. 

Orpheum  Theater. 


It  is  also  reported  that  this  marble  was  used  in  the  exterior  trim 
in  the  front  of  the  Merrill  apartments  at  Seattle,  Wash.,  but  that 
no  effort  has  yet  been  made  to  push  the  use  of  the  stone  for  such 
purposes. 

The  Alaska-Shamrock  Marble  Co.  reports  having  furnished  marble 
from  Diekman  Bay  for  decorative  work  in  the  entrance  to  the  Char- 
lotta  Court  and  to  the  Majestic  Theater  buildings  in  Portland, 
Oreg.    (See  PL  XXVI.) 

A  small  quantity  of  Alaska  marble  is  used  locally  for  monuments, 
for  which  it  is  said  to  be  entirely  suitable.  A  handsome  altar  in 
St.  Philip's  Episcopal  Church  in  Wrangell  was  fashioned  (except 
the  cross)  from  white  marble  obtained  from  Ham  Island,  Calder,  and. 
Tokeen,  Alaska.  The  body  of  the  altar  has  received  a  hone  finish ; 
the  cross,  which  is  of  polished  Italian  marble,  is  mounted  on  a  base 
of  polished  marble  from  Tokeen.  There  is  apparently  no  essential 
difference  between  these  pieces  of  Italian  and  Alaskan  marble. 

IHPOBTAKT  X7NDEVEL0PED  DEPOSITS. 

Some  of  the  undeveloped  deposits  of  marble  described  in  this 
paper  (those  from  which  no  stone  has  been  quarried)  possess  ele- 
ments of  possible  economic  value,  but  not  all  of  them  seem  to  war- 
rant prospecting,  and  even  those  that  have  appeared  most  favorable 
on  cursory  inspection  may  prove  on  prospecting  to  be  totally  unfit 
for  exploitation.  The  more  important  of  these  undeveloped  de- 
posits, whose  surface  appearance  and  general  relations  suggest  that 
further  investigations  might  be  warranted  whenever  the  demand 
for  marble  on  the  Pacific  coast  exceeds  the  present  production,  are 
mentioned  in  the  following  summary : 

Limestone  Inlet  opens  directly  on  one  of  the  highways  of  travel, 
Stephens  Passage,  and  is  close  to  a  base  of  supplies  at  Juneau ;  there- 
fore, although  the  surface  appearance  of  the  grayish-white  and 
banded  medium-grained  marble  1  mile  above  the  head  of  this  inlet 
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(No.  1)  does  not  suggest  that  stone  of  the  highest  quality  is  present 
heie,  the  hope  of  finding  a  good  marble  deposit  in  this  advantageous 
location  should  encourage  more  thorough  prospecting. 

The  white  and  gray  fine-grained  banded  marble  in  the  vicinity  of 
Basket  Bay  and  the  neighboring  cove  to  the  south,  on  the  Ghatham 
Strait  shore  of  Chichagof  Island  (Nos.  11, 12, 13),  seems  promising. 
There  appears  to  be  a  very  large  body  of  marble  in  this  vicinity,  and 
the  larger  the  deposit  the  better  should  be  the  chances  of  finding  a 
portion  of  it  workable. 

The  exposed  portion  of  the  deposit  of  white  to  white  and  gray 
hard  medium-grained  marble  a  third  of  a  mile  south  of  Marble  Cove, 
on  the  Chatham  Strait  shore  of  Admiralty  Island  (No.  17),  has  a 
terrace  form  that  suggests  a  favorable  site  for  a  quarry.  There  is 
an  abundance  of  timber  and  fresh  water  here,  and  although  the  har- 
bor near  hy  is  small,  breakwaters  and  doclra  could'  be  constructed 
that  would  afford  protection  and  facilities  for  loading  vesesls. 

In  the  northern  part  of  Prince  of  Wales  Island,  in  the  vicinity  of 
Red  Bay  (Nos.  23,  24,  25),  a  considerable  variety  of  marble  is 
found,  mostly  of  fine  grain.  Much  of  this  marble  is  easily  accessi- 
ble, and  it  is  probable  that  the  creek  and  lake  above  the  head  of  the 
bay  may  be  utilized  in  bringing  blocks  down  to  tidewater. 

A  vast  quantity  of  coarse  marble,  of  a  pleasing  light  grayish-blue 
diade,  is  available  north  of  Dry  Pass  (No.  28).    This  place,  how- 
ever, is  not  accessible  by  ocean-going  boats,  and  marble  could  be 
barged  down  to  Shakan  Bay  only  at  times  of  high  tide  in  Dry  Pass. 
Kosciusko  Island,  in  the  vicinity  of  Edna  Bay  (No.  32),  contains 
areas  of  fine-grained,  partly  metamorphosed  limestone  of  varie- 
gated shades  and  mottled  effects,  susceptible  of  high  polish,  and 
similar  material  occurs  on  the  north  side  of  Heceta*Island  (No.  36). 
Dall  Island  has  been  shown  to  contain  deposits  of  beautiful  marble 
on  both  the  west  and  east  coasts,  and  it  is  probable  that  the  island 
has  not  yet  been  wholly  explored.    The  most  promising  deposits 
seem  to  be  those  at  Waterfall  Bay  (No.  37)  and  at  View  Cove  (No. 
30),  although  there  are  probably  good  deposits  near  other  bays  on 
the  east  side  of  the  island.    The  fine-grained  pink  and  white  mottled 
marble  from  Waterfall  Bay,  as  well  as  the  white  marble  with  yellow 
veinlets,  are  of  the  highest  quality,  and  the  bluish-gray  and  black 
varieties  take  high  rank  with  commercial  marbles  of  similar  shades. 
At  View  C!ove  there  are  several  varieties  of  attractive  marble,  in- 
cluding pearl-gray  fine-grained  rock  and  rock  of  black,  yellow,  and 
grayish-green  shades. 

The  northern  part  of  Long  Island  appears  to  contain  promising 
deposits  of  marble.  On  Waters  Bay  (No.  45)  occur  attractive  white^ 
bluish-white,  pearl-gray,  gray-veined,  and  banded  marbles,  gener- 
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aUy  of  medium  grain,  and  on  Gotsongni  Bay  (No.  46)  there  are 
deposits  of  medium-grained  white,  pink  and  white,  and  bluish- white 
and  gray  marble  of  good  quality.  Both  of  these  areas  are  said  to  be 
located  favorably  for  quarrying  and  shipping. 

On  the  mainland  east  of  Wrangell  Island  occur  some  areas  of 
medium  to  coarse  grained  white  to  gray  and  blue  marble  that  may 
prove  of  value.  Among  them  might  be  mentioned  that  on  Blake 
Channel  near  its  junction  with  Eastern  Passage  (No.  51). 

White  fine-grained  marble  of  even  texture,  fairly  well  situated  for 
quarrying  and  shipping,  occurs  on  Bevillagigedo  Island  near  Carroll 
Inlet  (No.  58). 

As  to  the  other  undeveloped  deposits  described  in  this  report  less 
encouragement  can  be  given  regarding  the  possibilities  of  profitable 
exploitation  under  present  conditions.  For  special  decorative  pur- 
poses, where  cost  is  a  minor  consideration,  some  very  unusually 
banded*  marble  may  be  obtained  from  the  schistose  deposits  on  Ad- 
miralty Island  near  Point  Hepburn  (No.  14)  and  north  of  Marble 
Cove  (Nos.  15  and  16),  but  it  is  doubtful  whether  these  deposits  can 
be  quarried  in  ccnnpetition  with  the  more  homogeneous  calcite  mar- 
bles already  developed.  About  the  shores  and  islands  of  Glacier 
Bay  (Nos.  2  to  8)  there  are  indications  of  an  abundance  of  marble, 
but  it  is  probable  that  the  remoteness  of  this  bay  from  settlements, 
the  scarcity  of  large  timber  in  the  vicinity,  and  the  uncertainties  of 
navigation  will  retard  active  quarrying  there. 

PATENT  TO  MABBIiE  LANDS. 

Government  lands  that  are  chiefly  valuable  for  their  content  of 
building  stone  (including  marble)  may  be  located  as  placer  claims, 
and  but  one  disccytrery  of  mineral  is  required  to  support  a  placer  loca- 
tion. An  individual  may  claim  20  acres,  but  in  Alaska  no  associa- 
tion placer  claim  located  after  August  1,  1912,  can  exceed  40  acres, 
irrespective  of  the  number  of  persons  associated  together.  On  every 
placer-mining  claim  located  in  Alaska  after  August  1,  1912,  and 
until  patent  therefor  has  been  issued,  not  less  than  $100  worth  of 
labor  must  be  performed  on  improvements  made  during  each  year, 
including  the  yisar  of  location,  for  each  20  acres  or  excess  fraction 
thereof  included  in  the  claim.  The  proof  of  improvements  must 
show  that  their  value  is  not  less  than  $500  and  that  they  were  made 
by  the  applicant  for  patent  or  his  grantors.  This  proof  should  con- 
sist of  the  affidavit  of  two  or  more  disinterested  witnesses. 

The  procedure  to  obtain  patent  to  mineral  lands  is  given  in  detail 
in  a  publication  by  the  General  Land  Office,  Department  of  the 
Interior,  to  which  the  interested  reader  is  referred.^ 

1  ITnlted  States  mining  laws  and  regulations  thereunder :  General  Land  Olllce  Circ. 
430,  104  pp.,  1916. 
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By  George  L.  Harsinqton. 


FISLD  WORK  AND  ACKNOWLEDGMENTS. 

This  report  is  intended  to  cover  the  results  of  the  explorations  of  a 
United  States  Geological  Survey  party  during  the  summer  of  1916, 
in  charge  of  R.  H.  Sargent,  topographic  engineer.  The  writer  was 
attached  to  the  expedition  as  geologist,  C.  F.  Bailey  acted  as  recorder, 
and  C.  E.  Anderson  as  cook. 

The  party  was  landed  from  the  steamer  at  Anvik  on  June  15,  and 
carried  on  work  from  that  time  until  a  steamer  was  boarded  at 
Andreafski  on  September  13.  A  80-foot  poling  boat  equipped  with 
&  2-horsepower  engine  of  the  detachable  hang-over  type  was  the 
principal  means  of  transportation  throughout  the  summer.  A 
topographic  and  geologic  traverse  was  made  on  the  Yukon  from 
Anvik  to  Andreafski  and  up  Anvik,  Bonasila,  Stuyahok,  and 
Andreafski  rivers  as  far  as  was  considered  practicable  under  the 
limitations  of  the  short  season.  The  intervening  stretches  of  country 
inaccessible  from  the  boat  were  not  visited.  In  addition  to  making 
these  traverses  along  the  streams,  the  party  spent  16  days  in  the 
vicinity  of  Marshall  in  studying  the  mineral  resources  and  in 
topographic  and  geologic  mapping. 

The  writer  wishes  to  express  to  Mr.  Sargent  and  to  each  of  the 
members  of  the  party  his  appreciation  of  their  cordial  aid  in  the 
furtherance  of  the  geologic  work  on  every  possible  occasion.  To 
Rev,  J.  W.  Chapman  and  others  at  Anvik  who  assisted  in  the  prep- 
aration and  equipment  for  field  work  the  members  of  the  party  feel 
their  indebtedness,  and  to  every  miner,  prospector,  and  n^erchant 
met  during  the  summer  thanks  are  due  for  the  unfailing  hospitality, 
the  spirit  of  ready  cooperation,  and  the  unflagging  interest  in  the 
carrying  on  of  the  Survey  work.  Such  assistance  made  doubly 
efficient  the  efforts  of  the  members  of  the  party  where  reliance  had 
to  be  placed  on  other  than  their  own  efforts  or  equipment  for  the 
prosecution  of  the  work.  \ 

In  the  office  the  members  of  the  division  of  Alaskan  mineral  re- 
sources have  rendered  assistance  in  many  ways,  and  the  writer  is 
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especially  indebted  to  H.  M.  Eakin  and  A.  G.  Maddren,  whose  work 
in  near-by  provinces  has  elucidated  obscure  physiographic  and 
geologic  problems  in  this  region.  Grateful  acknowledgments  are 
made  to  J.  B.  Mertie,  jr.,  for  assistance  in  making  petrographic 
determinations.  F.  H.  Knowlton  and  J.  B.  Reeside,  jr.,  determined 
the  fossil  collections  obtained  during  the  summer. 

EARLY  HISTORY  AND  PREVIOUS  WORK, 

Although  the  coast  of  Alaska  had  been  early  explored  by  the  Rus- 
sian and  English  navigators,  the  interior  country  was  wholly  un- 
known, even  after  a  considerable  trade  in  furs  had  been  established 
along  the  coast.  Of  the  many  who  explored  the  Yukon,  Glazanof  ^ 
appears  to  have  been  the  first.  He  reached  Anvik  from  St.  Michael 
early  in  1834,  crossing  the  portage  with  dogs.  After  crossing  to  the 
Kuskokwim,  he  returned  to  the  Yukon  and  apparently  reached  St. 
Michael  by  way  of  the  mouth  of  the  river.  He  was  followed  in  1838 
by  Malakof,  who  crossed  by  the  Unalaklik  portage  and  ascended  the 
Yukon  as  far  as  the  mouth  of  the  Koyukuk.  The  next  summer  he 
reached  the  mouth  of  the  river  by  boat.  In  1842  Lieut.  Zagoskin,  of 
the  Imperial  Russian  Navy,  traversed  the  river  from  its  mouth  to 
the  vicinity  of  Nulato,  and  in  1844  he  reached  the  mouth  of  the 
Nowitna.  He  prepared  a  map,  which  accompanies  the  report  of  his 
explorations.* 

The  earliest  geologic  work  in  this  portion  of  Alaska  was  done  by 
W.  H.  Dall  in  1866  to  1868,  while  he  was  in  charge  of  the  scientific 
corps  of  the  Western  Union  Telepraph  Co.'s  expedition.  He  made 
a  traverse  from  Fort  Yukon  to  the  mouth  of  the  river  in  1867,  and 
again  went  down  the  river  f rcn  Nulato  to  St.  Michael  the  following 
summer  collecting  geologic  aAd  other  scientific  data.  His  narrative  • 
contains  a  map  and  some  geologic  notes,  but  more  detailed  informa- 
tion is  to  be  found  in  olher  reports*  of  a  more  technical  character. 

Whymper  was  an  associate  of  Dall  and  the  artist  of  the  telegraph 
expedition.  He  assisted  in  gathering  data  which  were  doubtless  used 
in  the  preparation  of  his  own  book'^  and  that  of  Dall.  A  map  of  the 
Yukon  and  a  small-scale  map  of  Alaska  are  included  in  his  account 
of  his  travels  with  Dall. 


*  Brooks,  A.  H.,  unpublished  manuscript 

'Zagoskin,  L.,  Travels  on  foot  and  dt'scription  of  the  Russian  possessions  in  America, 
from  1842  to  1844,  St.  Petersburg,  1847  (In  Russian)  ;  also  in  German  in  Brman'a 
Archiv  fur  wisaenschaftliche  Kunde  von  Russland,  vols.  6  and  7. 

*Dall.  W.  H..  Alaska  and  its  resources,  1870. 

*Dall,  W.  H.,  and  Harris,  G.  D.,  Correlation  papers,  Neocene:  U.  8.  G«ol,  Surrey  BulL 
84,  pp.  232-268  and  map,  1892.  Dall,  W.  H.,  Report  on  coal  and  lignite  of  Alaska: 
U.  S.  Geol.  Survey  Seventeenth  Ann.  Rept.,  pt.  1,  pp.  763-908,  1896;  Boston  8oc  Mat. 
Hist  Proc.,  vol.  12,  p.  188,  1869;  Bxploratlon  in  Russian  America:  Am.  Jour.  Set,  24l 
■er.,  vol.  45,  pp.  97-99,  1868. 

•  Wbymper,  Frederick,  Travel  and  adventure  in  the  Territory  of  Alaska,  18611. 
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tJpon  the  acquisition  of  the  territory  by  the  United  States,  one  of 
the  questions  to  be  settled  was  whether  the  Fort  Yukon  post  of  the 
Httdsoir  Bay  Co.  was  on  American  or  Canadian  soil.  To  determine 
this  point  the  first  of  the  expeditions  under  the  auspices  of  the  United 
States  Army  into  interior  Alaska  was  undertaken  in  1869  by  Capt 
Eaymond.^  His  party,  consisting  of  himself,  John  J.  Major,  and  Pvt. 
Michael  Foley,  obtained  passage  on  the  small  steamer  Yukon  on  its 
first  trip  up  the  river.  Observations  were  taken  at  St.  Michael, 
Anvik,  Nulato,  and  Fort  Yukon  to  determine  their  position.  As- 
sisted by  Major,  he  made  a  traverse  of  the  river  while  ascending  it, 
using  the  time  and  compass  method.  After  observations  had  been 
made  at  Fort  Yukon,  the  party  descended  the  river  in  a  small  boat 
and  crossed  to  St.  Michael  by  the  Anvik  portage.  The  results  of  Ray- 
mond's surveys  appear  on  the  map  compiled  by  him  and  included  in 
his  report. 

The  party  of  Lieut.  Schwatka  '  made  a  military  reconnaissance  of 
the  Yukon  in  1883,  and  Charles  Homan,  attached  to  the  party  as 
topographer,  made  a  topographic  sketch  map  of  the  region. 

Kussell  ■  was  the  first  geologist  detailed  by  the  United  States  Geo- 
logical Survey  to  make  studies  in  the  Yukon  Valley.  In  1889  he 
accompanied  the  Coast  and  Geodetic  Survey  parties  that  determined 
the  location  of  the  international  boundary  where  it  crosses  Yukon 
and  Porcupine  rivers.  From  the  nature  of  his  trip  he  was  afforded 
but  scanty  opportunity  for  making  geologic  studies  on  the  k)wer 
Yukon,  but  his  report  contains  many  significant  facts  regarding, 
physiographic  features. 

With  the  development  of  gold  mining  in  Alaska  parties  were  sent 
by  the  Geological  Survey  to  investigate  the  mineral  resources  and  to 
make  surveys  in  the  producing  regions.  In  1896  such  a  party,  in 
charge  of  J.  E.  Spurr,  with  H.  B.  Goodrich  and  F.  C.  Schrader  as 
geologic  assistants,  undertook  the  study  of  the  mining  camp3  in  the 
interior.  They  descended  the  Yukon  from  its  source  to  its  mouth, 
investigating  on  the  way  the  Fortymile  and  Birch  Creek  districts  and 
making  extensive  studies  *  along  the  river  as  far  down  as  Nulato.  A 
small-scale  map*  of  the  lower  Yukon  accompanies  the  report 
of  this  investigation.  From  information  obtained  on  this  trip 
and  on  a  trip  made  in  1898  a  geologic  reconnaissance  map  of  south- 

*  Raymond,  C.  W.,  Report  of  a  reconnalBsance  of  tbe  Yukon  Riyer,  Alaska  Territory, 
42d  Con^.,  Ist  seas.,  S.  Ex.  Doc.  12,  1871. 

*Scbwatka,  Frederick,  Report  of  a  military  reconnaissance  in  Alaslui  made  In  1883, 
48th  Cong.,  2d  sess.,  S.  Ex.  Doc.  2,  1885. 

*  RoflseU,   I.  C,   Notes  on  tlie  surface  geology  of  Alaska :  Geol.  Soc.  America  Bull., 
VOL  1,  pp.  9^162,  1890. 

*Spnrr,  J.  E.,  Geology  of  the  Yukon  cold  dlstrictp  Alaska:  U.  8.  Geol.  Survey  Eigh- 
teenth Ann.  Bept,  pt  8,  pp.  87-892,  1898. 
■Idem,  p.   190. 
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western  Alaska  was  prepared.^  A  map  of  the  Kuskokwim- Yukon 
portage'  was  compiled  from  notes  taken  by  F.  C.  Hinckley,  one  of 
Spurr's  assistants,  who  crossed  to  the  Yukon  by  way  of  th»  portage 
and  thence  down  the  Yukon  to  St.  Michael. 

In  1902  Collier*  spent  the  season  in  an  investigation  of  the  coal 
resources  of  the  interior  of  Alaska.  Sidney  Paige  assisted  him  and 
made  a  canoe  traverse  from  Eagle  to  Paimiut  Collier's  report  con- 
tains a  map^  showing  the  distribution  of  the  coal-bearing  terranes 
in  the  Yukon  Valley.  The  base  map  is  a  compilation  of  previous 
surveys  but  includes  also  the  results  of  Collier  and  Paige.  In  addi- 
tion to  gathering  data  regarding  coal,  Collier  made  extensive  geologic 
notes  which  have  been  available  to  the  writer  in  the  preparation  of 
this  report.  In  order  to  make  stratigraphic  and  paleontologic  studies 
Arthur  Holiick,  with  Sidney  Paige  as  his  assistant,  revisited  in  1903 
the  localities  from  which  fossils  had  been  obtained  by  earlier  geolo- 
gists. The  results  of  their  collecting  have  been  available  to  later  in- 
vestigators and  are  being  utilized  in  the  preparation  of  the  mono- 
graphs by  HoUick  on  Alaskan  Cretaceous  and  Tertiary  floras. 

In  1907  W.  W.  Atwood,  with  H.  M.  Eakin  as  his  assistant,  under- 
took further  studies  and  descended  the  Yukon  as  far  as  Holy  Cross, 
where  the  season's  work  was  closed.  The  following  year  Maddren ' 
spent  a  portion  of  the  field  season  in  a  study  of  the  Innoko  placers 
and  made  material  contributions  to  the  existing  knowledge  of  the 
geology  of  the  lower  Yukon  region.  Maddren's  explorations  were 
followed  in  1909  by  the  expedition  of  Smith  and  Eakin*  between 
Nulato  and  Norton  Bay  and  in  southeastern  Seward  Peninsula.  The 
results  of  these  expeditions  are  of  great  value  in  the  interpretation 
of  the  geology  of  the  areas  lying  south  and  southwest  of  the  regions 
traversed  by  them,  but  large  areas  that  are  geologically  unexplored 
lie  between  the  areas  previously  surveyed  and  that  mapped  in  1916. 

The  Marshall  district  had  not  previously  been  visited  by  any  mem- 
ber of  the  Geological  Survey,  but  notes  on  the  mining  operations 
on  Wilson  Creek  and  on  the  general  conditions  in  that  vicinity  were 
obtained  by  H.  M.  Eakin  in  1914^  and  by  A.  H.  Brooks  in  1915.* 

Besides  the  investigations  by  the  parties  of  the  Geological  Survey 
work  has  been  done  by  members  of  the  Coast  and  Geodetic  Survey 

>  Spurr,  J.  B.,  A  reconnaissance  in  southwestern  Alaska  In  1808 :  U.  S.  C^l  Sorvey 
Twentieth  Ann.  Kept,  pt  7,  p.  284,  1900. 

*  Idem,  p.  08. 

*  Collier,  A.  J..  The  coal  resources  of  the  Yukon,  Alaska :  U.  8.  Geol.  Surrey  Bull.  218, 
1008. 

«Idem,  p.  10. 

*  Maddren,  A.  Q.,  Thes  Innoko  gold  palcer  district,  Alaska :  U.  8.  Geol.  Surrey  Bull.  410, 
1010. 

•Smith,  P.  8.,  and  Eakin,  H.  M.,  A  geologic  reconnaissance  in  southeastern  Seward 
Peninsula  and  the  Norton  Bay-Nulato  region,  Alaska :  U.  8.  GeoL  Survey  Bull.  440,  lOlL 
«U.  S.  Geol.  Surrey  Bull.  622,  pp.  6&-66.  1015. 
■n.  8.  Geol.  Surrey  Bull.  642.  pp.  67-68,  1016. 
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in  this  and  adjoining  regions.  Commencing  in  1898  and  extending 
oTer  the  following  season,  several  parties  were  engaged  in  charting 
the  shores  oflf  the  Yukon  delta,  the  mouths  of  the  river,  and  the  main 
ri?er  as  far  us  as  Andreafski.^  The  work  along  the  river  and  the 
shores  of  Norton  Sound  was  controlled  by  triangulation  and  in- 
cludes some  topographic  as  well  as  hydrographic  mapping.  The 
work  of  the  Geological  Survey  party  in  1916  was  done  in  an  area 
adjoining  that  covered  by  the  earlier  work  of  the  Coast  and  Geo- 
detic Survey  parties,  of  which  a  portion  has  been  used  in  the  prepa- 
ration of  the  accompanying  topographic  map  (PL  I). 

In  1908  a  series  of  magnetic  stations  along  the  Yukon  were  occu- 
pied by  J.  W.  Green,  of  the  Coast  and  Geodetic  Survey,  and  mag- 
netic and  astronomic  observations  for  latitude  and  longitude  were 
made  in  the  region  covered  by  this  report  at  Anvik,  Holy  Cross, 
Russian  Mission,  and  Andreafski. 

GEOGRAPHY. 

LOCATION. 

The  Anvik-Andreafski  region  as  described  in  this  report  embraces 
the  territory  west  and  north  of  the  lower  Yukon  River  between  An- 
vik and  Andreafski  rivers  and  an  extensive  area  of  low-lying  coun- 
try immediately  contiguous  to  the  Yukon  on  its  east  and  south  sides. 
Extending  from  longitude  169°  40'  to  163°  20'  W.  and  from  latitude 
6r  SO'  to  63°  40'  N.,  the  area  covered  by  the  surveys  in  1916  is 
approximately  2,000  square  miles.  The  map  of  the  Marshall  mining 
district  (PI.  II,  in  pocket)  covers  the  area  in  which  mining  is  being 
done. 

NOMEKCLATTTBE. 

The  history  of  the  Anvik- Andreafski  region  throws  light  on  the 
source  of  the  names  of  the  towns  and  topographic  features.  These 
names  are  in  part  in  the  tongue  of  the  two  native  races  that  first 
inhabited  the  region.  Later  the  Russian  language  furnished  some 
names,  and  the  advent  of  men  of  English-speaking  races  brought 
about  other  changes,  modifying  some  of  the  earlier  names  and 
substituting  new  names  for  others. 

So  far  as  possible  the  names  in  most  common  use  have  been  em- 
ployed on  the  topographic  maps  (Pis.  I  and  II,  in  pocket)  and  in  this 
text.  If  both  native  and  English  names  are  known  and  both  appear 
to  be  used  to  about  the  same  extent,  the  native  name  is  given  pref- 
erence. For  a  list  of  the  names  of  the  natural  features  in  the  vicinity 
of  Marshall,  many  of  them  applied  by  the  natives,  the  survey  is 
indebted  to  Mr.  Frank  Waskey. 

*Co«at  and  Geodetic  Saryey  chart  9370,  Cape  Bomansof  to  St.  Michael,  Alaska. 
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In  naming  some  of  the  creeks  the  English-speaking  miners  have 
exhibited  the  same  poverty  of  vocabulary  or  lack  of  originality  that 
is  to  be  found  in  many  other  mining  districts.  The  repetition  of  the 
commoner  names  for  creeks,  such  as  Spruce,  Willow,  Bear,  and  Flat, 
in  almost  every  district  in  Alaska  leads  to  such  confusion  that  in 
order  to  be  clearly  understood  it  is  frequently  necessary  to  refer  not 
only  to  the  district  in  which  the  creek  is  found  but  to  the  larger 
stream  to  which  the  particular  creek  is  tributary.  It  may  even  be 
necessary  to  name  a  third  or  a  fourth  stream  into  which  the  smaller 
one  flows  in  order  to  make  identification  positive.  It  would  seem  to 
be  false  modesty  which  inhibits  the  discoverer  of  a  creek  from  nam- 
ing it  after  himself.  His  name  applied  to  it  usually  has  the  double 
advantage  of  giving  it  individuality  and  of  having  historic  value. 

BELIEF. 
GENERAL  CHARACTER. 

In  general,  the  relief  of  the  region  is  slight.  The  highest  point 
attains  an  altitude  of  about  2,700  feet,  and  there  are  comparatively 
few  small  isolated  areas  lying  above  2,000  feet.  Along  the  west  and 
north  bank  of  the  Yukon  the  surface  is  in  places  sharply  dissected, 
but  as  a  whole  the  forms  are  those  of  a  mature  topography,  so  that 
the  country  presents  a  rolling  aspect.  Wide,  poorly  drained  low- 
lands occupy  the  intermontane  areas. 

UPLANDS. 

The  uplands  are  scarcely  high  enough  to  merit  the  term  mountains, 
although  here  and  there  a  point  rises  well  above  the  general  level 
and  furnishes  a  conspicuous  and  easily  identified  landmark.  Of  this 
character  are  Bonasila  Dome,  Chiniklik,  and  Pilcher  Mountain. 

Bonasila  Dome  lies  east  of  Stuyahok  Biver  and  south  of  Bonasila 
Biver,  and  its  isolation,  together  with  its  peculiar  form  (a  cone  on 
the  crest  of  a  gently  crowning  dome),  gives  it  prominence  from 
whatever  point  it  is  seen.    It  is  sometimes  called  Simel  Mountain. 

The  highest  and  most  conspicuous  peak  in  the  region  is  that  known 
by  the  guttural  native  name  of  Chiniklik,  frequently  corrupted  by  the 
whites  to  Cheneegly.  It  appears  remarkable  that  so  high  a  peak 
should  be  only  4  miles  from  the  Yukon.  It  lies  8  miles  above  Russian 
Mission  and  12J  miles  below  Tuckers  Point.  This  mountain  was 
seen  from  points  along  Anvik  Biver,  from  Andreafski,  and  from 
practically  all  the  intermediate  stations  except  those  at  the  water's 
edge  on  the  banks  of  the  Yukon.  Its  conical  outline,  with  shoulders 
a  few  hundred  feet  below  the  apex,  readily  identifies  it.    This  peak 


is  visible  from  many  points  along  the  crest  of  the  divide  between  the 
Yukon  and  Andreafski  drainage  basin  and  from  points  far  south  of 
the  Kuskotwim. 

Pilcher  Mountain  lies  about  5  miles  east  of  Marshall.  It  rises 
wdl  aboTe  the  immediately  adjacent  hills,  and  is  topographically 
prominent  because  of  the  exceptionally  well-developed  altiplanation 
terraces  on  all  sides  but  the  southeast. 

The  areas  occupied  by  the  softer  sedimentary  rocks  of  Mesozoic 
age  are  everywhere,  except  near  the  Yukon,  marked  by  the  gentle 
dopes  and  rounded  crests  that  are  characteristic  of  a  mature  topog- 
raphy. Elsewhere  the  drainage  is  that  of  an  area  past  maturity  in 
the  cycle  of  erosion,  but  the  crests  of  the  hills  present  a  terraced  ap- 
pearance (PL  F,  i?,  p.  22).  The  origin  of  these  forms  has  been  de- 
scribed by  Eakin,*  who  termed  the  process  altiplahation.  This  feature 
is  discussed  further  in  connection  with  the  Quaternary  history  (p.  55) . 
The  terraces  are  best  developed  in  the  areas  of  igneous  rocks  at  the 
higher  elevations.  To  a  minor  degree  altiplanation  has  taken  place 
in  some  areas  of  the  more  indurated  sedimentary  rocks,  especially 
in  the  vicinity  of  intrusives. 

IX)WLANDS. 

The  lowlands  may  be  subdivided  into  two  classes — ^those  that  lie 
above  the  flood  level  of  the  Yukon  and  those  that  are  reached  by  its 
highest  stages  of  water.  The  lowlands  of  the  first  class  occupy  the 
broad  erosional  depressions  that  are  characteristic  of  the  region. 
Bedrock  crops  out  along  the  streams  only  here  and  there — ^not  at  all 
for  several  miles  above  their  mouths.  Allu viation  has  proceeded  so  far 
that,  except  in  their  headward  portions,  the  streams  flow  in  meander- 
ing courses  along  which  are  many  oxbow  sloughs  formed  by  aban- 
doned meanders.  In  the  lowlands  that  lie  within  the  influence  of  the 
Yukon  are  to  be  placed  the  wide  stretches  which  extend  to  the  Kus- 
kokwim  east  and  south  of  the  Yukon.  On  the  larger  tributary 
streams  alluviation  has  lowered  stream  gradients  to  such  an  extent 
that  they  are  controlled  by  the  Yukon  at  all  but  the  lowest  stages. 
Five  miles  up  the  Bonasila  the  writer  saw  debris  which  undoubtedly 
came  from  the  Yukon.  It  is  therefore  conceivable  and  even  probable 
that  the  alluvial  material  that  is  now  being  laid  down  over  the  bottom 
lands  along  the  lower  reaches  of  this  and  other  tributaries  is  derived 
in  large  part  from  the  overloaded  flood  waters  of  the  Yukon,  which 
deposit  a  considerable  portion  of  their  burden  in  the  slack  waters  of 
the  embayments  furnished  by  these  stream  mouths. 

t£aklD,  H.  M.9  The  Yukon-Koyukuk  region,  Alaska:  U.  8.  QeoL  Survey  BuU.  681, 
p.  78.  191«. 
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BBAIKAOE. 

To  the  geologic  structure  was  due  the  original  position  and  direc- 
tion of  many  of  the  streams,  but  other  factors  have  affected  their 
later  history,  and  the  former  courses  have  been  somewhat  modified 
by  alluviation  and  lateral  erosion.  The  valley  occupied  by  Sfuyahok, 
Bonasila,  and  Anvik  rivers  affords  an  excellent  example  of  stream 
trend  initially  controlled  by  the  underlying  bedrock  structure,  and 
the  Yukon  above  Holy  Cross  trends  in  the  same  general  direction. 
Structural  control  is  also  evident  in  the  vicinity  of  Marshall  and, 
at  least  in  part,  along  the  north  Jork  of  Andreafski  River. 

The  region  considered  in  this  report  lies  wholly  within  the  Yukon 
drainage  basin,  but  the  wide,  flat,  lake-dotted  delta  between  the 
Kuskokwim  and  the  Yukon,  opposite  and  below  Russian  Mission, 
has  so  little  relief  that  the  watershed  between  the  two  rivers  is  diffi- 
cult of  location.  So  far  as  could  be  ascertained,  there  are  few  places, 
except  near  the  coast,  that  rise  even  so  high  as  100  feet  above  either 
of  the  rivers.  At  high  stages  of  water  much  of  this  lowland  is 
inundated.  During  the  spring  of  1916  the  small  steamer  Tana  left  the 
Yukon  through  a  slough  near  Pilot  station  and,  entering  Kashunuk 
River,  reached  Bering  Sea  through  Hazen  Bay.  Essentially  similar 
conditions  are  to  be  found  in  the  delta  of  the  Innoko.  At  high  water 
this  river  may  be  reached  through  any  one  of  several  mouths,  from 
a  point  several  miles  above  Anvik  to  the  last  slough,  about  11  miles 
below  Paimiut.  Other  tributaries  of  the  Yukon  enter  from  the 
west  and  north  after  passing  through  considerable  delta  areas,  which 
are  modified  by  overflow  from  the  Yukon  and  truncation  of  their 
fronts  by  that  river.  Bonasila,  Koserefski,  Kuyukutuk,  and 
Chvilnuk  rivers  and  many  of  the  smaller  creeks  enter  the  Yukon 
through  sloughs.  Lakes  are  characteristic  of  the  flood  plains  of 
some  of  these  streams  throughout  their  lower  reaches  and  were 
especially  noted  in  the  broad  depression  occupied  by  Kuyukutuk 
and  Chvilnuk  rivers,  which  resembles  in  this  regard  the  region 
between  the  Yukon  and  the  Kuskokwim. 

CUMATE. 

The  climate  of  the  Anvik- Andreafski  region  is  intermediate  in 
character  between  that  of  the  upper  Yukon  and  the  coastal  region 
from  Norton  Sound  to  Bristol  Bay.  The  proximity  of  Bering  Sea 
has  a  stabilizing  influence,  so  that  the  summer  temperatures  are  not 
so  high  nor,  as  a  rule,  the  winter  temperatures  so  low  as  those  of  the 
upper  Yukon,  although  north  winds  may  occasionally  bring  about 
similar  conditions  in  the  two  areas.  From  the  records  the  precipi- 
tation appears  to  be  greater  in  this  region  than  at  coast  points  and 
almost  double  that  of  points  in  the  upper  Yukon  Valley.  In  any  two 
consecutive  seasons  there  is  likely  to  be  considerable  difference  in 
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the  amount  of  rainfall  and  in  the  times  when  precipitation  takes 
place,  but  normally  the  greatest  precipitation  occurs  after  the  middle 
of  July.  In  1916  records  were  kept  from  June  15  to  September  10, 
inclusive.  In  the  40  days  from  June  15  to  July  25  there  was  some 
precipitation  on  21  days,  or  52  per  cent.  In  the  48  days  from  July 
25  to  September  10  there  was  some  precipitation  on  35  days,  or  78 
per  cent. 

Meteorologic  observations  are  available  for  Holy  Cross,  the  only 
station  within  the  region  at  which  records  have  been  kept  for  any 
great  length  of  time,  but  for  comparison  records  are  given  for  Xanana 
and  Nome  also  in  the  following  tables,  compiled  from  data  obtained 
from  the  United  States  Weather  Bureau.  Figures  in  the  first  three 
columns  are  for  1915  only.  The  other  columns  are  a  summary  of  ob- 
servations extending  over  several  yeara 

Records  of  temperature  at  Holy  Cross  compared  tcith  those  at  Nome  and  Tanana 

in  degrees  Fahrenheit. 


5ocne 

Boly  Cross. 


mghest 
in  1015. 


72 
81 
80 


Lowest 
in  1015. 


-36 
■43 
-48 


Annoal 
mean 
1015. 


29.4 
25.2 


Highest 
recorded. 


78 
84 
00 


Lowest 
recorded. 


-80 
-57 
-75 


Mean  of 
three  sum- 
mer 
months. 


40  to  50 
60  to  55 
Oyer  55 


Mean  of 
three  win- 
ter 
months. 


10  too 

Oto~10 

-10  to -15 


Dates  of  Uist  freezing  temperature  in  spring  and  first  freezing  temperature  in 
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1.45 
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3.54 
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1.27 
1.54 
1.04 

0.67 

1.32 

.79 

L07 

L78 

.65 

14.82 
10.57 

Ttoaaa... ...... 
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Records  of  the  time  of  opening  and  closing  of  the  Yukon  at  Holy 

Cross  have  been  kept  for  a  considerable  number  of  years,  and  there 

is  probably  normally  very  little  diiference  between  the  dates  at  this 

point  and  others  as  far  down  the  Yukon  as  Andreafski.    These  dates 

may  be  summarized  as  follows : 

Ice  began  to  run  in  spring  between  April  29  and  June  1. 
River  clear  of  ice  between  May  21  and  June  8. 
Ice  began  to  form  in  autumn  between  October  5  and  October  IGL 
River  closed  between  Octob  r  19  and  November  8. 
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The  rains  are  usually  brought  by  southerly  winds,  and  northerly 
winds  prevail  during  periods  of  fair  weather.  The  southerly  winds 
are  frequently  of  such  force  as  to  impede  navigation  seriously,  as  the 
steamboats  are  likely  to  be  driven  aground  on  some  of  the  numerous 
bars  of  the  river,  and  the  seas  caused  by  the  wind  make  navigation 
dangerous  for  any  small  boat'except  a  dory  or  one  of  the  skin  boats 
of  the  natives.  The  activity  of  the  wind  as  an  erosive  agent  was 
observed  many  times  on  the  ^nd  bars  in  the  river,  for  as  soon  as  the 
surface  became  dry  the  sand  would  drift  before  the  wind  and  pile  up 
in  small  irregular  hummocks  or  dunes.  Cross  sections  of  dunes  thus 
formed  are  exposed  here  and  there  in  the  cut  banks  of  the  Yukon* 

VEGETATION. 

Within  the  area  crossed  by  the  expedition  of  1916  the  conditions 
affecting  vegetal  growth  are  so  diverse  that  a  corresponding  di- 
versity of  plant  types  is  reasonably  to  be  expected.  In  the  vicinity 
of  Anvik  the  lowlands  are  well  timbered,  although  an  approach  to 
the  tundra  conditions  found  below  Andreafski  is  presaged  by  the 
lowering  of  timber  line  compared  with  upper-river  points.  In  the 
vicinity  of  Anvik,  timber  line  is  about  600  to  800  feet  above  the  river, 
though  in  favorable  localities,  such  as  sheltered,  well-drained  valleys, 
it  extends  somewhat  higher.  No  fpmff  was  seen  growing  on  the 
Yukon  below  Andreafski,  but  scattered  stumps  of  spruce  and  an 
occasional  straggling  bircL  indicate  a  former  scanty  growth  of  these 
trees  to  elevations  from  100  to  200  feet  above  Andreafski  River. 
From  the  hills  back  of  Andreafski  small  patches  of  spruce  may  be 
seen  scattered  through  the  ytl>epwx?od  and  willo^t  thickets  that  ex- 
tend along  the  Yukon  above  this  point.  The  best  growths  of  spruce 
are  found  along  gullies,  on  slight  eminences  in  the  lowlands,  or  near 
the  banks  of  streams.  Farther  back  from  the  smaller  streams  in 
the  lowlands,  where  drainage  is  poor,  the  growth  is  usually  scattered 
and  stunted.  Wherever  spruce  is  found  on  well-drained  hill  slopes, 
birch  generally  occurs  also,  together  with  small-leaved  poplar  or 
quaking  aspen.  Extensive  growths  of  these  trees  are  apparently 
less  common  than  in  the  Tanana  basin.  On  Anvik  and  Bonasila 
rivers  the  birch  bark  is  used  by  the  natives  in  making  their  canoes. 
Tamarack  grows  in  very  open  groves  in  the  more  boggy  places  along 
the  Anvik  and  Bonasila  and  was  seen  here  and  there  along  the 
Yukon. 

Throughout  the  lower-lying  portions  of  the  area,  oottonwood  and 
several  species  of  willow  constitute  the  most  common  element  of  the 
forests.  Some  of  the  bars  that  have  barely  emerged  from  the  river 
are  covered  with  a  dense  growth  of  willows  a  few  inches  high. 

In  the  driftwood  along  the  river  there  appears  to  be  less  willow 
and  Cottonwood  than  spruce.    From  this  it  would  seem  that  n  con« 
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siderable  amount  of  the  drift  has  come  from  points  farther  up  the 
river,  where  the  proportion  of  spruce  is  greater  than  it  is  within  the 
Anvik-Andreaf  ski  region.  It  is  probable,  however,  that  the  prepon- 
derance of  spruce  in  the  driftwood  may  be  due  partly  to  the  fact 
that  it  rots  less  easily  and  is  not  so  quickly  waterlogged. 

Alders  are  found  throughout  the  region  at  considerably  higher 
elevations  than  any  timber  trees.  They  cover  the  slopes,  in  places 
occurring  almost  at  the  crests  of  the  hills  or  ridges,  where  some  pro- 
tection is  afforded  by  the  depressions  in  the  headward  portions  of 
the  streams. 

Berries  of  some  variety  can  be  found  in  almost  any  part  of  the  re- 
gion«  Blueberries  are  common  on  the  fairly  open  slopes.  Low-bush 
cranberries  are  found  with  them  or  at  somewhat  higher  elevations 
and  where  there  is  little  or  no  brush.  The  soft  yellow  salmonberry 
appears  to  grow  at  almost  any  elevation  but  seems  to  be  most  abun- 
dant in  situations  less  well  drained  than  those  occupied  by  the  other 
berries.  The  bitter  high-bush  cranberry  was  found  in  shady  places 
along  the  river  bank  associated  with  red  and  black  currants,  which 
were  also  found  on  the  drier,  sunny  slopes,  together  with  red  rasp- 
berries. Neither  currants  nor  raspberries  were  seen  in  abundance 
anywhere. 

Grag^es  are  surprisingly  plentiful  in  variety  and  amount  every- 
where in  the  region,  so  that  horse  feed  could  easily  be  obtained  for 
outfits  traveling  by  pack  train,  especially  along  the  tributaries  of  the 
Yukon.  On  the  Stuyahok  there  are  many  beautiful  open  parks  con- 
taining luxuriant  growths  of  grass,  and  at  almost  every  point  where  a 
stop  was  made  there  was  an  abundance  of  forage.  On  the  hilltops 
and  most  of  the  slopes  a  large  part  of  the  vegetal  covering  consists  of 
mosses  and  lichens,  but  considerable  horse  feed  is  still  to  be  found 
even  here.  On  the  river  bars  there  is  usually  an  abundance  of  the 
variety  of  E^^etum  called  mare's-tail,  and  occasionally  the  pea  vine 
is  found,  /^^^v//,/ 

When  the  party  left  the  field  (September  13)  there  had  been  no 
frosts  of  sufficient  severity  to  destroy  the  nourishing  qualities  of  the 
grasses,  but  the  season  of  1916  was  probably  exceptional  in  this  re- 
spect, and  killing  frosts  may  ordinarily  be  expected  early  in  Septem- 
ber. 

Fairly  extensive  agricultural  operations  have  been  carried  on  for 
a  number  of  years  by  the  mission  at  Holy  Cross.  The  native  grasses 
in  natural  meadows  on  the  flood  plain  of  the  Yukon  below  the  mission 
are  cut  and  cured  for  forage  or  are  utilized  as  pasture.  A  consider- 
able variety  of  vegetables  are  grown  for  private  use.  Any  surplus 
is  sold  and  finds  a  ready  market  along  the  river.  At  Anvik  some 
girdening  is  done,  and  several  varieties  of  vegetables  matii^e.    The 
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season  without  frost  appears  to  be  slightly  longer  here  than  farther 
up  the  Yukon.  Along  the  lower  course  of  Anvik  River  are  grass- 
covered  areas  almost  wholly  free  from  brush  ox  timber.  These  nat- 
ural meadows  could  doubtless  be  used  for  pasture  or  the  grass 
cut  for  hay.  Similar  areas  were  seen  on  some  other  streams,  but  there 
appear  to  be  few  along  the  Yukon. 

An  attempt  was  made  to  procure  a  xepresentative  oollection  of 
flowers  and  grasses,  so  far  as  other  work  permitted,  but  no  large 
shrubs  or  trees  were  obtained.  The  collection  was  submitted  to  the 
United  States  National  Museum,  and  the  following  species  were  iden- 
tified, the  grasses  by  Mrs.  Agnes  Chase,  the  Pteridophyta  by  William 
R.  Maxon,  and  most  of  the  other  specimens  by  Paul  C.  Standley : 


FUNQUS. 

Sphacelotheca  hydroplperis  boreal  is 
Clinton  (on  Blstorta  plumosa 
(Small)   Greene). 

UCHBI78. 

Gladonia  uncialis  adunca  (Acharius 
Flotow. 

Gladonia  deformls  extensa  (Hoff- 
mann) Wainio. 

MOSSES. 

Drepanocladus  unclnatus  plnmosiis 
(Bruch  and  Schlmper)  Roth. 

Polytrlchura  commune  Linn4  (near 
var.  uliginosum  HQbener). 

Polytrlchum  commune  Llnn€. 

Polytrichum  strictum  Banks. 

Sphagnum  fimbriatum  Wilson. 


t 


POLTPODIACEAE. 

Dryopterls  dllatata  (Hoffmann)  Gray. 
Dryopteris  dryopteris  (Linn^)  Britton. 
Dryopterls  fragrans  (Linn^)  Schott 

XQUISETACEAB. 

Elqulsetum  arvense  Llnn6. 
E>iuisetum  sylvaticum  Linn6. 


f 


LYCOPODIACEAX. 

r 

Lycopodium  annotinnm  Llnn^/ 
Lycopodium  complanatum  Llnn& 


POACEAB. 

Alopecurus  alplnus  J.  E.  Smith. 
Calaraagrostis  canadensis    (MIchaux) 

Beauvois. 
Festuca  altaica  Trinius. 
Poa  compressa  Linn6. 

CTPERACEA& 

Carex  canescens  Linn^ 
Eriophorum  angustifolinm  Rotlu 

liELANTHACEAB. 

Tofleldia  cocci nea  Richardson. 
Tofieldia  paluatris  Hudson. 

JUNCACEAB. 

Juncoldes  sp. 

IRTDACEAX. 

Iris  setosa  Pallas. 

(3ALTCACEAS. 

Salix  phlebophylla  Andersson. 

BETULAGEAK. 

Betula  rotundifolia  Spach. 

POLYGONACEAX. 

Blstorta  plumoea    (Small)    Greene. 
Bistorta  vivipara  (Linn6)  S.  F.  Gmj. 
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PoIygDnam  alaskanum  (Small)  Wight. 
Btiuex  occldentalls  S.  Watson,  form. 

PORTUIACACEAJC. 

Qajtonla  sarmentosa  G.  A.  Meyer. 

AIJilNACEAS. 

Arenaria  arctlca  Steven. 

Orastium  alpinnm  Llnn& 

Herclda  physodes  Fischer. 

UoehilDgia  lateriflora  (Llnn§)  Fenzl. 

BANTTNCXTLAOEAS. 

Aconitnm  delphlnlfolium  De  Candolle. 
Anemone  narclssiflora  Linn6. 
Anemone  richardsonl  Hooker. 
Batrachlnm  aqua  tile  (Linn6)  Wlmmer. 
Caltha  palustris  arctlca   (R.  Brown) 

Hoth. 
Ranancnlus  reptans  Llnn6. 
Rannnculus  sp.,  perhaps  a  new  species. 
Thalictmm  sparsiflorum  Turczanlnow. 

PAPAVEBACEAB. 

PapaTer  nndicaule  Linn6. 

BBASSICACEAE. 

Arabia  lyrata  Intermedia  (De  Can- 
dolle) Wight 

Barbarea  barbarea  (Linn6)  MacMil- 
lan. 

Cardamlne  pratensis  Linn6. 

Draba  boreal  is  De  Candolle. 

Radicnla  palustris  (Linn6)  Moench. 

CSASSULACEAE. 

Rhodlola  alaskana  Rose. 

PABNASSIACEAE. 

Pftrnassia  kotzebnei  Chamisso. 
Parnassla  palustris  Llnn& 

SAXIFBAGACEAE. 

Saxifraga  hirculus  Linn& 
^fraga  nelsoniana  Don. 
Saxlfraga  serpyllifolia  Pursh. 
Saxlfraga  spicata  Don. 
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GBOSSXTLASIACBAK. 

Ribes  hudsonianum  Richardson. 
Ribes  laxiflorum  Fischer. 

BOSACBAK. 

Argentina  anserina  (Linn6)  Bydberg. 

Comarum  palustre  Linn6. 

Dryas  octopetala  Linn6. 

Potentilla  nivea  Linn& 

Potentilla  villosa  Pallas. 

Rosa  acicularis  Lindley. 

Rubus  arcticns  Linn6. 

Rubus  chamaemorus  Linnd. 

Sanguisorba  sitchensis  C.  A.  Meyer. 

Spiraea  steveni  (Schneider)  Rydberg. 

7ABACEAE. 

Lathyrus  palustris  Linn6. 
Lupinus  arcticns  S.  Watson. 
Oxytropis  nigrescens  (Pallas)  Fischer. 

GEBANIACEAE. 

Geranium  erianthum  De  CJandolle. 

VIOLACEAE. 

Viola  biflora  Linn6. 
Viola  langsdorfii  Fischer. 
Viola  palustris  Linn6. 

ONAGBACEAE. 

Chamaenerion  angustifolium   (LinA6) 

Scopoli. 
Chn  maener ion    la tif ollum     ( L  i  n  n  6 ) 

Sweet. 
Epilobium  davuricum  Fischer. 

APIACEAE. 

Bupleumm  americanum  Linn^.   . 
Cicuta  douglasii  (De  Candolle)  (Coulter 
and  Rose. 

COBNACEAE. 

Comus  canadensis  Linn4. 
Cornus  stolonifera  Mlchaux. 
C^rnus  suecica  Linn6. 

PTBOLACEAS. 

Moneses  uniflora  (Linn4)  Gray. 
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EBICACEAB. 


Ledum  decnmbens  (Alton)  Loddlges. 
Ixilseluria  procumbens    (LinD^)    Des- 

vaux. 
Phyllodoce  caerulea   (Linn6)   Grenier 

and  Gwlron. 
TherorhcMllon  glandulosum  Standley. 

VACCINIACEAK. 

Oxy COCCUS    oxy coccus    (Unn^)    Mac- 

Milhiii. 
Vaccinium  caespitosum  Mlchaux. 
Vacciniuxu  vltls-idaea  Llnn6, 

DIAPEN8IACBAS. 

Diapensia  lapponlca  Liiin& 

PRIMULACEAB. 

Trlentalls  europaea  arctica  (Fischer) 
Ledebour. 

GENTIAN  A  CEAE. 

Gentlana  glauca  Pallas. 

POIJCMONIACEAE. 

Poleinonium  acutlflorum  Willdenow. 
Polemoulum  humile  Willdenow. 

DOBAGINACEAE. 

M^ttensia  paniculata  (Alton)  Don. 

HENTHACEAE. 

Mentha  canadensis  borealis  (Mlchaux) 
Piper. 

SCBOPHULASIACEAE.  ,x<^i    \       N, 

Gastilleja  pallida  (Unn6)  Kunth.  \^t' 
Castilleja  trlstis  Wight. 


Pedicolaiis  arctica  It  Brown,    x    , 
Pedicula  rls  capltata  Adams.  V  f 
Pedlcularis  labradorlca  Panzer.  ^^ 
Pedlcularls  langsdorfil  Fischer. 

LENTIBUIABTACEAK. 

PInguicula  vlllosa  L4nn6. 
Utrlcularia  vulgaris  Llnn& 

BITBIACBAX. 

Galium  boreale  Llnn6. 

CAFBIFDUACSAB. 

linnaea  borealis  Llnn^. 
Viburnum  iwaciflonun  Pylale. 

VALEBIANACBAS. 

Valeriana  capltata  Pallas. 

CAMPANULACBAB. 

Campanula  laslocarpa  C^amlsao. 

CICHOBIACEAB. 

Hieracium  triste  Willdenow. 
Taraxacum  ceratophorum  (Ledeboor) 
De  Candolle. 

ASTEBACEAE. 

Achillea  borealis  Bongard. 

Arnica   lesslngli    (Torrey   and   Gray) 

Greene. 
Artemisia  arctica  Lessing. 
Artemisia  tilesll  Ledebour. 
Aster  sibiricus  Linn6. 
Senecio  resedifolius  Lessing. 
Solidago  lepida  De  Candolle. 
Solldago  multiradlata  Alton. 


ANIMAL  LIFB. 

Animal  life  is  abundant,  but  there  is  little  large  game.  Only  one 
small  black  bear  was  seen,  but  the  tracks  of  black  bear  were  fairly 
common  along  the  sand  bars,  and  brown  bear  were  reported.  Neither 
caribou  nor  moose  were  s«en,  and  it  is  said  that  there  are  none  in  this 
part  of  Alaska.    Their  former  presence  in  great  numbers  is  recorded 
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by  the  earlier  explorers,  and  on  some  of  the  ridges  their  trails  are 
still  visible.  Domesticated  reindeer  are  herded  in  the  ^uthem 
part  of  the  region  and  small  bands  are  pastured  near  Marshall  and 
Andreafski. 

Of  smaller  animals  a  few  rabbits  and  foxes  were  seen.  The  tracks 
of  the  foxes  were  frequently  obsei*ved  along  the  river  bars,  where 
they  had  been  stalking  the  aquatic  birds.  Beaver  dams  and  houses 
were  seen  on  the  Stuyahok,  and  there  was  also  evidence  of  the  pres- 
ence of  ermine,  mink,  marten,  and  muskrats  on  this  and  other 
streams.  To  judge  from  their  tracks,  porcupines  are  fairly  common. 
The  red-backed  mouse  was  frequently  observed. 

Ducks  were  seen  almost  constantly  on  the  streams  tributary  to  the 
Yukon.  Geese  were  abundant  on  the  Stuyahok  and  lower  Bonasila, 
ind  in  the  fall  they  were  seen  in  flocks  of  hundreds  on  Yukon  and 
Andreafski  rivers.  Large  flocks  of  ducks  were  also  seen  on  the 
Andreafski,  as  well  as  smaller  flocks  of  swans  and  cranes.  Near  the 
banks  of  the  rivers  some  individuals  of  the  several  species  of  sand- 
pipers, snipe,  and  plover  werer  almost  always  in  sight,  busily  engaged 
It  the  water's  edge  in  search  for  food. 

The  land  game  birds  were  exceptionally  scarce.  Ptarmigan  were 
seen  but  twice,  and  only  one  grouse  was  seen  during  the  summer. 
Other  birds  noted  include  loon,  tern,  gulls  of  several  species,  horned 
owl,  hawks  of  several  species,  kingfisher,  raven,  three  species  of  swal- 
lows, junco,  three  species  of  sparrows,  varied  thrush,  hermit  thrush, 
robin,  warblers,  waxwing,  Canada  jay,  arid  shrike. 

On  clear-water  streams  that  had  a  good  current  grayling  were 
taken  with  a  fly,  and  no  difficulty  was  experienced  in  getting  as  many 
as  were  desired.  Occasionally  a  trout  was  caught,  but  the  trout 
seemed  less  numerous  than  the  grayling.  Fish  wheels  and  fishtraps 
are  used  on  the  Yukon  for  catching  salmon  and  whitefish.  The  sal- 
naon  are  smoked  and  dried  or  salted  down  to  be  eaten  during  the 
winter,  by  dogs  as  well  as  men.  The  whitefish  are  used  largely  as 
summer  feed  for  the  dogs.  Trout,  pike,  and  pickerel  are  also  said  to 
be  taken  by  fish  wheels  or  in  nets.  Considerable  quantities  of  fish  of 
Tarious  kinds  are  caught  in  large  dip  nets,  which  are  handled  with 
consummate  skill  by  the  natives.  In  winter  whitefish  are  caught 
through  holes  in  the  ice  by  the  natives,  who  use  for  bait  an  artificial 
minnow  made  of  bone  or  ivory. 

On  Bonasila  River  large  areas  were  noted  where  the  willows  and 
alders  along  the  banks  had  been  almost  entirely  stripped  of  their 
foliage  by  small  worms,  probably  the  larvae  of  a  small  black  and 
white  butterfly  which  was  especially  common.  In  places  also  the 
willows  were  infested  with  small  black  weevils,  which  were  doing 
considerable  damage. 
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8ETTLEMBKTS  AKD  POPTTLATION. 

« 

A  certain  proportion  of  Alaska's  inhabitants  may  be  termed  liter- 
ally a  ^'  floating  "  population,  and  for  many  of  them,  both  whites  and 
natives,  the  act  of  changing  their  abodes  in  summer  consists  in  load- 
ing their  few  necessities  into  boats  of  some  description  and  traveling 
by  water  to  places  where  employment  may  be  had  or  where  there 
exist  more  favorable  conditions  for  obtaining  food  by  hunting  or 
fishing.  A  great  number  of  the  natives  live  in  temporary  fishing 
camps  during  the  summer  but  assemble  into  villages  in  the  winter. 
The  population  of  many  a  mining  camp  is  evanescent,  and  winter 
finds  the  workers  greatly  diminished  in  numbers,  the  quondam  miner 
having  become  a  prospector  or  trapper  and  sought  other  scenes  for  * 
his  activities,  or  he  may  have  left  Alaska  for  the  winter,  to  return  in 
the  spring.  The  following  statements  as  to  the  population  of  the 
Anvik-Andreafski  region  should  be  considered  with  these  general 
conditions  in  mind. 

There  are  permanent  white  residents  at  Anvik,  Holy  Cross,  Mar- 
shall, and  Andreafski,  and  a  few  others  have  trading  posts  or  fishing 
stations  at  other  points  on  the  Yukon.  There  are  also  white  teachers 
at  Pilot  station  and  Russian  Mission.  On  Anvik,  Bonasila,  and 
Stuyahok  rivers  are  cabins  which  are  used  in  winter  by  prospectors 
and  trappers.  It  is  said  that  cabins  have  also  been  built  for  winter 
use  on  the  Kuyukutuk,  Chvilnuk,  and  Andreafski.  Marshall  is  the 
point  of  transfer  for  the  supplies  for  the  mining  camp  on  Willow 
Creek,  about  7^  miles  away,  which  is  the  largest  center  of  population 
in  the  region.  In  August,  1916,  none  of  the  cabins  on  Wilson  Creek, 
which  lies  between  Willow  Creek  and  Marshall,  were  occupied,  al- 
though considerable  mining  had  been  done  on  its  tributaries  earlier 
in  the  season.  The  white  population  at  Marshall  and  on  Willow 
Creek  in  1916  was  about  225  and  at  all  other  points  from  Anvik  to 
Andreafski,  including  these  villages,  about  35,  a  total  of  260, 

The  natives  are  of  two  stocks.  Those  above  Paimiut  are  affiliated 
with  the  Athapascans  of  the  upper  Yukon.  Those  at  and  below 
Paimiut  are  affiliated  with  the  natives  of  the  coast  but  show  slight 
differences  in  dialect.  At  each  of  the  towns  in  the  region  except 
Marshall  the  natives  as*  more  numerous  than  the  whites.  Many 
native  villages  are  scattered  along  the  Yukon,  some  of  which  are 
temporary  and  some  permanent,  having  solidly  constructed  log 
houses,  caches,  and  drying  houses  for  the  summer  catch  of  salmon. 
There  are  no  permanent  native  villages  in  the  mountainous  oountry 
on  the  west  and  north  bank  of  the  Yukon.  Ruins  of  old  deserted 
villages  were  seen  on  the  Anvik,  and  early  in  the  spring  the  natives 
make  a  trip  up  this  river  to  fish  and  to  build  boats,  but  nothing  like 
a  permanent  camp  was  seen.    It  is  said  that  the  natives  also  fre- 
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quently  make  portages  from  the  head  of  Mountain  Creek  to  the  head- 
waters of  the  Stuyahok  to  fish  and  trap  on  that  stream,  and  they 
then  drift  down  to  the  Bonasila  and  the  Yukon  to  avoid  the  return 
portage.  The  native  population  includes  about  200  at  Anvik  and 
along  the  Yukon  between  Anvik  and  Holy  Cross,  200  at  Holy  Cross, 
md  300  in  the  Innoko  delta.  Between  Holy  Cross  and  Russian  Mis- 
sion there  are  about  70  natives,  mostly  at  Paimiut.  There  are  150 
at  Russian  Mission  and  in  the  villages  between  Russian  Mission  and 
Marshall.  About  750  make  their  homes  in  the  area  between  Mar- 
shall and  St.  Michael,  and  of  these  perhaps  120  are  at  Marshall  and 
Andreafski  and  between  these  two  villages.  The  total  native  popula- 
tion in  the  Anvik- Andreafski  region  is  nearly  1,000,  of  which  about 
TOO  are  of  the  upper  river  race  and  the  others  belong  to  the  lower 
river  or  coast  stock. 

Schools  have  been  established  at  many  of  the  villages.  Those  at 
Anvik  and  Holy  Cross  are  sectarian,  and  most  of  their  students  live 
in  the  scb»ol  dormitories.  Government  schools  are  maintained  at 
Russian  Mission,  at  Pilot  station,  and  in  the  Innoko  delta  at  Shage- 
ht  Two  Government  teachers  are  also  attached  to  the  mission 
school  at  Holy  Cross. 

COMMTJNICATION. 

In  summer  practically  the  entire  region  is  accessible  by  boat. 
Steamboats  afford  a  ready  means  of  transportation  on  the  Yukon 
and  are  run  at  intervals  of  a  week  to  10  days.  On  the  Bonasila 
there  is  sufficient  depth  of  water  for  steamboat  navigation  to  the 
mouth  of  the  Stuyahok,  where  soundings  gave  a  depth  of  13  feet. 
All  the  larger  streams  are  navigable  by  poling  boats  or  small  launches 
for  considerable  distances  from  the  Yukon.  The  Survey  party  in 
1916  used  a  30-foot  poling  boat  equipped  with  a  2-horsepower  engine 
of  the  detachable  type.  The  boat  usually  carried  a  load  of  nearly 
a  ton  but  experienced  little  difficulty  in  ascending  the  streams  that 
were  traversed  and  made  good  progress  up  the  Yukon.  An  engine 
of  higher  power,  however,  is  to  be  recommended  for  a  boat  and  load 
of  this  size.  A  boat  with  greater  freeboard  than  a  poling  boat  is 
also  desirable  for  use  on  the  Yukon. 

During  the  summer  of  1916  a  wireless  station  was  erected  at  Holy. 
Cross  by  the  Signal  Corps  of  the  United  States  Army.  This  is  the 
only  telegraph  station  within  the  region,  but  there  are  stations  at 
^ulato,  Kotlik,  and  St.  Michael. 

During  the  summer  there  is  a  weekly  mail  service  on  the  Yukon 
and  throughout  the  year  a  monthly  service  between  points  on  Kus- 
bkwim  Biver  and  on  the  Yukon  to  and  above  Russian  Mission. 
I)uring  the  period  when  navigation  is  closed  there  are  five  mails 
from  St.  Michael  to  Marshall  (Fortuna  Ledge  post  office)  and  inter- 
oiediate  points. 
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DESCRIPTIVE  GEOLOGY. 
OENESAL  FEATUBES. 

The  principal  rooks  of  the  Anvik-Andreafski  region  are  distrib- 
uted essentially  as  indicated  on  the  geologic  maps  (Pis.  Ill  and  IV, 
in  pocket).  Much  the  same  conditions  prevail  in  this  region  as  in 
many  other  parts  of  the  Yukon  basin,  so  that,  although  the  general 
distribution  of  the  several  units  is  ascertainable,  their  exact  bound- 
aries  are  not  readily  determined.  Contacts  are  almost  universally 
obscured  by  Quaternary  alluvium  or  by  a  mantle  of  residual  material, 
produced  by  mechanical  and  chemical  disintegration,  which  migrates 
down  the  slopes  and  effectually  conceals  the  distribution  of  the  under- 
lying rocks.  Comminuted  rock  debris  derived  in  this  manner  covers 
the  lower  slopes  (PI.  V^  B)  and  merges  into  material  of  alluvial 
origin  without  perceptible  break.  It  is  obvious  that  in  such  places 
the  boundaries  of  the  alluvium  must  be  generalized. 

In  reconnaissance  work  like  that  done  in  1916  it  is  not  possible  to 
trace  out  formation  boundaries  so  accurately  that  no  assumptions 
need  be  made.  Topographic  form,  color  of  rocks  as  seen  from  a 
distance,  indications  afforded  by  changes  in  type  of  vegetation,  and 
other  forms  of  evidence  are  considered,  but  inevitably  there  will  be 
some  error  in  detail,  although  the  working  out  of  the  major  relations 
may  prove  to  be  essentially  correct. 

In  the  vicinity  of  Marshall  there  is  an  area  of  metamorphic  rocks 
which  extend  eastward  to  the  Kuyukutuk  and  reappear  along  the 
Yukon  below  Sussian  Mission  and  still  farther  east  between  Moun- 
tain Creek  and  Koseref ski  River.  Greenstones  of  a  rather  wide  range 
in  composition  and  origin,  probably  embracing  intrusive  rocks  as 
well  is  flows  and  tuffs,  make  up  a  large  proportion  of  these  meta- 
morphic rocks.  Closely  associated  with  the  greenstones  are  slates, 
quartzites,  and  conglomerates  and  many  intermediate  rock  types. 
The  greenstones  appear  to  have  suffered  the  most  intense  changes, 
but  secondary  structure  has  developed  in  the  sediments  also.  Unde- 
formed  acidic  dikes  cut  both  the  greenstones  and  the  sediments. 
Although  the  complete  solution  of  the  questions  involved  in  the 
stratigraphic  sequence  of  these  rocks  and  their  mutual  relations 
must  await  more  detailed  study,  it  is  now  tentatively  assumed  that 
the  greenstones,  including  the  tuffs  and  some  conglomerates  which 
occur  with  them,  are  of  late  Paleozoic  age  and  that  the  sedimentary 
rocks  are  the  metamorphosed  equivalents  of  the  Cretaceous  beds 
found  elsewhere  in  this  region. 

.  Cretaceous  rocks  were  found  on  Anvik  and  Andreafski  rivers  and 
probably  occupy  much  of  the  intervening  area.  The  principal  rock 
types  found  are  conglomerates,  sandstones,  and  shales,  which  have 


.    a.    OEOLOCICAL  St'RVEY  RULLBTIN   (IS3      PLATE 


.   EROSIONAL  EMBAYMENT  IN  THE  BANK  OF  THE  YUKON  BELOW  HOLY  CROSS. 


.    ALTIPLANATION  TEBRACES  AND  SOUFLUCTION  SLOPES  KAST  OF  FAITII 


DESCRIPTIVE  GEOLOGY.  23 

locally  been  metamorphosed  into  quartzites  and  slates.  Thougli 
these  rocks  are  generally  thin  bedded,  with  an  extreme  phase  of 
alternating  sandstone  and  shale  layers  less  than  half  an  inch  thick, 
massive  phases  also  occur  in  which  the  individual  beds  may  be  sev- 
eral feet  in  thickness.  More  or  less  closely  associated  with  the  Cre- 
taceous rocks  in  the  northern  and  eastern  parts  of  the  region  are  a 
series  of  tuffs  and  flows  of  intermediate  basic  types.  Some  of  the 
flows  appear  to  be  intercalated  with  the  Cretaceous  sediments.  In 
the  southern  part  of  the  region  are  a  number  of  dacitic  porphyry 
dikes  of  late  Cretaceous  or  post-Cretaceous  age.  It  is  probable  that 
some  of  the  intrusions  in  the  vicinity  of  Marshall  took  place  at  the 
time  these  dikes  were  formed. 

No  sediments  of  known  Tertiary  age  were  found  in  the  area,  but 
at  somewhat  widely  separated  points  vesicular  lavas  occur  as  unde- 
formed  horizontal  flows  (PI.  VI,  A)^  which  are  either  late  Tei-tiary 
or  early  Quaternary.  Quaternary  deposits  are  found  throughout  the 
region.  They  include  the  residual  mantle  or  rock  and  soil  on  the 
higher  hills  and  slopes,  the  gravels,  sands,  and  silts  of  the  terraces 
and  lower  hills,  and  the  alluvium  that  occurs  along  the  stream  courses 
almost  to  their  heads  but  is  most  extensive  in  the  lowlands  of  the* 
Yukon  and  its  larger  tributaries. 

GABB0NI7EB0XTS  GBSENSTOITES  AND  ASSOCIATED  SEBIHENTa 

AREAL  DISTRIBUTIOX. 

Metamorphosed  tuffs,  flows,  and  intercalated  sedimentary  rocks, 
together  with  some  rocks  that  may  represent  altered  basic  intrusives, 
occur  at  a  number  of  places  in  the  Anvik-Andreafski  region.  In  the 
vicinity  of  Marshall  they  form  a  considerable  portion  of  the  bed- 
rock along  the  divide  between  Spruce  and  Wilson  creeks,  on  the  south 
and  west  slopes  of  Pilcher  Mountain,  and  on  the  south  slope  of  the 
range  of  hills  to  the  east  of  this  mountain.  This  series  of  rocks  also 
appears  at  four  .other  localities  between  the  mouth  of  Koseref ski 
River  and  Marshall,  outcrops  being  foimd  below  Bussian  Mission, 
in  the  vicinity  of  Baref ace  Bluff,  above  Tuckers  Slough,  and  for  a 
short  distance  along  the  Yukon  at  the  mouth  of  Koserefski  Biver. 

UTHOLOGT. 

A  large  proportion  of  these  rocks  are  igneous,  but  rocks  of  sedi- 
mentary origin  make  up  a  minor  part  of  the  series.  Only  in  the 
vicinity  of  Bareface  Bluff  are  the  sediments  notably  abundant.  In 
the  area  between  Paimiut  and  Tuckers  Slough  a  few  thin  beds  of 
conglomerate  are  intercalated  with  the  flows.     The  conglomerate 
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pebbles  consist  mainly  of  igneous  material,  with  lesser  amounts  of 
chert.  Green  tuffaceous  grits  and  sandstones  also  occur  at  this  local- 
ity in  similar  relations  to  the  flows.  Small  chert  grains  are  fairly 
numerous  in  some  of  the  coarser-grained  beds.  Here  and  there  thin 
beds  of  argillitic  sand  separate  the  flows.  Below  Russian  Mission 
occur  some  grits,  the  grains  of  which  are  almost  wholly  gray  and 
black  chert.  In  the  rocks  near  Bareface  Bluff  greenish  tuffs  and 
tuffaceous  sandstones  are  associated  with  red  cherts  and  argillites 
as  well  as  with  greenstone  flows. 

Near  Marshall  this  series  is  represented,  so  far  as  observed,  only 
by  greenstone  flows  and  intrusive  rocks,  and  the  associated  sedimen- 
tary rocks  are  presumably  younger.  Several  rather  widely  different 
types,  ranging  from  schists  to  massive  rocks,  are  included  under  the 
term  of  greenstones.  At  the  bluff  below  Marshall  the  greenstones 
are  extremely  schistose,  much  contorted,  and  netted  with  quartz 
veins,  which  have  also  been  subjected  to  deformation.  One  of  the 
quartz  veins  noted  is  6  inches  or  more  in  thickness.  At  Marshall 
the  deformation  appears  to  have  been  less  intense,  although  a  schis- 
tosity  which  gives  the  impression  of  bedding  has  been  developed. 
Elsewhere  on  the  slopes  of  Pilcher  Mountain  and  along  the  ridge 
east  and  west  from  Mount  Okumiak  the  rocks  appear  gneissoid 
rather  than  schistose,  with  some  massive  phases  in  which  but  little 
secondary  structure  has  been  developed.  These  various  phases 
appear  very  different  in  the  hand  specimens,  but  under  the  micro- 
scope nearly  all  prove  to  be  epidote-amphibole  rocks,  practically 
the  entire  rock  being  made  up  of  these  minerals,  with  a  moderate 
amount  of  magnetite  and  here  and  there  small  amounts  of  quartz 
or  chloritic  minerals.  Less  frequently  pyroxene  and  plagioclase 
feldspars  may  be  determined. 

These  rocks  are  all  recrystallized,  and  there  is  some  doubt  as  to 
their  original  nature,  but  they  probably  represent  a  metamorphosed 
series  of  andesite  or  basalt  tuffs  and  flows  which  have  included  some 
gabbroic  intrusives.  This  conclusion  as  to  the  origin  of  the  green- 
stones is  confirmed  by  their  composition  at  the  localities  below  and 
above  Russian  Mission,  where  they  have  not  been  subjected  to  such 
intense  metamorphic  processes  and  their  original  nature  is  more 
readily  determinable.  The  tuffs  and  flows  are  largely  basaltic,  with 
augite  and  labradorite  as  their  principal  constituents  and  magnetite 
as  the  chief  accessory  mineral.  Some  of  the  flows  are  a  little  more 
siliceous,  the  feldspars  having  the  average  composition  of  andesine, 
and  the  rock  is  an  andesite.  Secondary  minerals  have  been  developed 
to  some  extent,  mainly  by  the  alteration  of  minerals  containing  iron, 
forming  hornblende,  chlorite,  or  serpentine.  Glass  is  found  in  some 
of  the  tuffs. 
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Intnifeives  in  the  greenstone  series  occur  at  a  number  of  places  in 
the  vicinity  of  Marshall,  where  they  cut  the  Cretaceous  rocks  also. 
(See  PL  IV,  in  pocket.)  Soda  granites  and  quartz  diorites  make 
up  the  larger  stocks,  and  the  numerous  dikes  are  dacites.  They  are 
discussed  under  the  heading  of  "  Igneous  rocks  "  (pp.  44r-47). 

STRUCTURE. 

The  structure  in  the  greenstone  areas  is  rather  complex.  To  some 
extent  it  has  been  induced  by  the  intrusives  which  have  cut  the  series, 
but  for  the  most  part  it  is  related  to  broader  orogenic  features. 
The  intrusion  of  the  soda  granite  that  forms  the  core  of  Pilcher 
Mountain  probably  produced  the  complex  structure  in  the  area  north 
of  Wilson  Creek  and  caused  a  general  doming  effect  in  that  area. 
The  structure  south  of  Wilson  Creek  is  open  to  two  interpretations 
and  may  have  been  produced  either  by  close  folding  or  more  probably 
by  faulting.  The  outcrops  in  this  area  are  massive  and  afford  few 
structural  data.  It  is  notable  that  the  drainage  of  this- area  is  con- 
troUed  by  bedrock  structure.  Between  Russian  Mission  and  Grand 
Island  the  structure  can  not  be  determined,  mainly  on  account  of  the 
massive  nature  of  the  rocks,  both  the  flows  and  the  associated  sedi- 
ments showing  no  deposition  planes.  They  are,  however,  much 
jointed,  and  along  the  joint  planes  considerable  movement  has  taken 
place. 

The  sedimentary  rocks  above  and  below  the  mouth  of  Kako  Creek 
contain  prominent  joints  and  are  in  many  places  broken  by  con- 
spicuous faults.  Locally  the  stresses  are  adjusted  by  movements 
ilong  bedding  planes,  but  the  effects  of  such  movements  are  not 
pronounced.  For  the  most  part  these  rocks  have  a  northeasterly 
strike  and  a  northwesterly  dip,  conforming  to  the  regional  trends. 
Both  the  topography  and  the  rock  attitude  suggest  that  they  are 
separated  by  faults  from  the  sedimentary  series  in  the  vicinity  of 
Dogfish  Village. 

Where  their  attitude  is  determinable  the  greenstones  above  the 
entrance  to  Tuckers  Slough  strike  northeast  and  dip  steeply  to  the 
northwest.  It  appears  likely  that  this  dip  is  reverse,  and  that  the 
represent  an  overthrust  upon  the  younger  sediments.  Faulting 
been  extensive,  across  as  well  as  along  the  flow  planes  and  bedding 
planes  of  intercalated  sediments.  The  contact  with  the  sediments 
lying  to  the  southeast  and  up  the  Yukon  is  complicated  by  faulting, 
apparently  with  some  intershearing,  so  that  no  sharp  line  between 
tbe  two  series  can  be  drawn.  At  the  mouth  of  Koserefski  River 
d^ese  rocks  are  massive  and  the  outcrops  afford  no  evidence  of  their 
attitude,  but,  as  in  other  localities,  they  have  been  faulted.  The 
{^eral  arrangement  and  distribution  of  the  greenstone  areas,  flanked 
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on  either  side  by  younger  sediments  derived  from  the  greenstones, 
suggests  an  earlier  easterly  folding  upon  which  has  been  superposed 
a  northerly  or  northeasterly  structural  trend,  which  now  predomi- 
nates. Between  Marshall  and  Eussian  Mission  cross  faulting  has 
been  sufficient  to  produce  great  offsets.    (See  PL  IV,  in  pocket.) 

AGE  AND  CX>RRELATION. 

The  greenstones  and  intercalated  sediments  are  the  oldest  rocks 
in  the  region  and  represent  the  source  of  a  considerable  amount  of 
the  material  which  makes  up  the  Cretaceous  beds.  No  additional 
evidence  from  this  region  as  to  their  position  in  the  geologic  column 
is  at  hand,  and  correlations  must  therefore  be  made  with  other  near-by 
regions  where  more  information  is  available.  Maddren^  describes 
similar  rocks,  here  correlated  with  the  greenstones,  on  the  north  side 
of  the  Kuskokwim,  6  miles  above  Ohagamut,  where  there  is  a  grada- 
tion downward  from  tuffs  through  tuffaceous  limestones  to  pure  crys- 
talline limestones.  Fossils  of  Artinskian  or  late  Carboniferous  age 
were  obtained  in  the  tuffaceous  limestones,  and  it  is  therefore  evident 
that  this  period  of  geologic  time  was  marked  by  the  inception  of  the 
volcanic  activity  which  resulted  in  the  formation  of  the  greenstone 
series. 

CBETACEOnS  SEDIMENTS. 
AKEAL  DISTRIBUTION. 

Sediments  of  Cretaceous  age  are  widely  distributed  throughout  the 
lower  Yukon  Valley.  In  the  Anvik-Andreafski  region  they  appear 
about  the  margins  of  areas  of  uplifted  older  rocks  and  doubtless  oc- 
cupy much  more  territory  than  is  indicated  on  the  geologic  map  (PL 
III,  in  pocket).  They  probably  underlie  considerable  portions  of  the 
drainage  basins  of  Anvik,  Hawk,  Chvilnuk,  and  Andreafski  rivers 
and  possibly  that  of  the  Golsova  also.  The  rocks  on  the  headwaters 
of  Bonasila  River  are  probably  Cretaceous,  and  the  sediments  asso- 
ciated with  the  flows  and  tuffs  on  the  Stuyahok  are  believed  to  be 
of  the  same  age.  Tuffs  and  flows  which  may  be  late  Upper  Creta- 
ceous or  early  Tertiary  occupy  considerable  areas  in  the  Anvik, 
Bonasila,  and  Stuyahok  basins  and  appear  also  along  the  Yukon, 
forming  the  hills  sJong  its  west  bank  immediately  below  Anvik  and 
below  the  mouth  of  the  Bonasila. 

Xhe  sedimentary  rocks  associated  with  the  greenstones  near  Mar- 
shall have  been  considerably  metamorphosed  but,  aside  from  the  sec- 
ondary metamorphic  features  developed  in  them,  are  not  essentially 

^  Maddren,  A.  G.,  The  mineral  resources  of  the  middle  Kuskokwim  region,  Alaska : 
C.  S.  Geol.  Survey  BulL  —  (In  preparation). 
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different  from  the  Cretaceous  beds,  of  which  they  are  believed  to  be 
the  metamorphosed  equivalents,  and  with  which  they  are  mapped. 
(See  Pis.  Ill  and  IV,  in  pocket.) 

Ln'HOLOOT  AND  8TRATIQRAFHT. 

The  sediments  of  this  period  exhibit  a  great  diversity  in  lithology. 
Conglomerates  and  fine-grained  argillites  represent  the  extremes  in 
teiture,  but  sandstone  and  argillites  are  the  most  common  rock  types. 
Grits  are  fairly  common  in  some  parts  of  the  area,  and  in  places  are 
of  considerable  thickness. 

Some  of  the  conglomerate  appears  to  be  basal  and  made  up  of 
pebbles  of  the  older  metamorphic  rocks,  greenstones,  and  chert  pre- 
dominating. Quartz  pebbles  and  cobbles  are  found  in  these  con- 
glomerates but  only  in  small  amount.  Here  and  there  are  intraf orma- 
tional  conglomerates  a  few  inches  in  thickness  in  which  rounded 
white  quartz  pebbles  form  almost  all  the  larger  rock  fragments. 
On  account  of  the  light  color  of  the  material  forming  these  beds, 
debris  from  them  is  much  more  conspicuous  than  that  from  other 
rocks,  and  they  appear  to  be  more  widely  distributed  than  is  indi- 
cated by  the  number  and  width  of  the  conglomerate  beds  seen  in 
oQtcrops. 

In  the  basal  portion  of  the  Cretaceous  sediments  sandstones  appear 
to  constitute  the  dominant  lithologic  type.  There  is,  however,  every 
gr&dation  between  the  conglomerates  and  the  sandstones,  both  in 
size  and  in  character  of  grain,  and  locally  the  grits  attain  consider- 
able prominence.  The  individual  grains  of  the  grits  are  fragments 
of  greenstone,  chert,  or  other  rocks,  as  well  as  quartz  and  feldspar  in 
peater  or  less  amount.  Feldspar  is  found  in  varying  amounts  in 
^ost  all  the  sandstones.  In  some  rock  phases  the  feldspar  grains 
appear  to  be  as  numerous  as  those  of  quartz.  *  The  ferromagnesian 
nttincrals  appear  in  a  few  places,  but  they  are  as  a  rule  largely,  if  not 
completely,  altered  to  secondary  minerals.  Small  grains  of  chert  or 
date  ar^  discernible  in  thin  sections  of  some  of  the  sandstones. 
Calcite  is  apparent  in  most  sections  in  amounts  ranging  from  a  few 
anall  grains,  which  may  represent  replacement  near  fissures,  to 
hirly  large  areas  in  which  some  of  the  calcite  was  probably  deposited 
«8  grains  with  other  rock  constituents,  although  much  of  it  may 
iBpresent  later  replacement  or  deposition  from  solution. 

The  finer-grained  rocks  comprise  both  siliceous  and  argillaceous 
types,  as  well  as  gradational  phases  between  the  two.  Some  of  the 
aliceous  rocks  are  so  fine  grained  and  so  badly  altered  that  only  a 
snail  proportion  of  the  grains,  mostly  quartz  with  some  plagioclase 
feldspars,  can  be  readily  determined.  The  argillaceous  beds  show 
%veral  phases,  of  which  some  are  due  to  differences  of  induration 
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and  some  to  differences  in  composition.  The  least  indurated  beds 
were  called  mudstone  in  the  field.  They  range  in  thickness  from  a 
few  inches  to  several  feet,  and  one  of  their  most  common  characteris- 
tics is  the  occurrence  of  numerous  ellipsoidal  nodules,  from  some  of 
which  successive  layers  may  be  removed.  These  nodules  are  pre- 
sumably of  concretionary  origin,  although  possibly  due  to  processes 
of  weathering.  The  more  strongly  indurated  argillites  have  closely 
spaced  cleavage  planes  and  break  up  into  angular  faceted  blocks,  in 
places  forming  the  so-called  pencil  slates.  True  slates,  which  break 
up  into  thin  plates  with  parallel  surfaces,  are  only  occasionally  found. 
It  is  not  possible  to  make  an  approximation  of  the  thickness  of  the 
Cretaceous  rocks  within  this  region,  as  no  continuous  section  from 
the  base  to  the  top  of  the  series  is  exposed.  Faulting,  largely  of  the 
normal  type,  is  common,  and  there  is  probably  much  repetition  of 
beds  in  outcrops  on  this  account.  Nevertheless  there  are  several 
localities  in  which  the  section  exposed  is  from  300  to  700  feet  thick, 
and  lithologic  differences  in  these  sections  are  sufficiently  great  to 
wari:ant  the  belief  that  they  represent  different  portions  of  the  series. 
If  this  belief  is  correct,  the  minimum  thickness  for  the  Cretaceous  is 
at  least  2,000  or  3,000  feet,  and  the  maximum  may  be  10,000  feet  or 
more. 

LOCAL  FEATtTRES, 
AVVIX  RZYEB. 

Mudstones  or  consolidated  shales  are  the  most  characteristic 
deposits  along  Anvik  River.  Some  of  these  shales  display  in  a  very 
pronounced  manner  the  ellipsoidal  nodules  already  mentioned.  The 
rocks  are  characteristically  gray  to  very  dark  gray,  and  in  many 
places  they  have  a  greenish  tinge.  On  weathered  surfaces  red,  yel- 
low, and  brown  tones  are  pronounced.  Fine-grained  siliceous  rocks, 
locally  cherty,  occur  ^ith  the  mudstones. 

The  sandstones  are  not  so  massive  as  those  farther  south,  6  to  8 
inch  beds  between  shaly  layers  being  the  most  common,  although 
sandstones  5  feet  or  more  in  thickness  are  occasionally  founds  These 
are  almost  universally  gray  with  a  greenish  tinge,  which  may  be 
lacking,  however,  on  some  leached  beds  that  appear  cream-colored  on 
the  surface. 

Thin  sections  examined  show  a  considerable  amount  of  plagioclase 
feldspars,  of  which  albite  is  the  least  altered.  In  many  sections  the 
more  basic  feldspars  are  not  readily  recognizable  on  account  of  the 
amount  of  decomposition  they  have  undergone.  Many  of  the  beds  are 
calcareous.  In  some  a  large  amount  of  the  matrix  is  calcite,  and 
apparently  some  of  the  basic  plagioclase  feldspars  also  have  been 
replaced  by  calcite,  of  which  the  lime  radicle  has  been  chiefly  derived 
from  the  decomposition  of  the  feldspars. 
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'  KOBS&ZrsXI  BITER  TO  XOVHTAIH  O&EZK. 

Above  Holy  Cross,  and  on  the  west  and  north  bank  of  the  Yukon 
opposite  Paimiut,  coarse-grained  clastic  rocks  predominate.  Con- 
glomerates, grits,  and  sandstones  alternate  locally  in  beds  100  feet 
or  more  in  thickness  or  in  massive  beds  whose  attitude  and  thickness 
are  not  determinable  from  the  outcrops.  Argillites  of  considerable 
thickness  are  present  here  and  there,  but  more  commonly  the  argillite 
occurs  as  thin  beds  or  partings  in  the  other  rocks,  especially  near 
Paimiut.  Most  of  the  pebbles  in  the  conglomerate  consist  of  green, 
black,  or  gray  chert,  but  pebbles  of  gabbroic  or  basaltic  rocks  are 
rather  common.  The  grits  are  essentially  the  same  in  composition 
ts  the  conglomerates,  representing  a  greater  comminution  of  material 
from  the  same  source.  Similar  material  is  found  in  the  sandstone, 
of  which  quartz,  feldspar,  and  chert  grains  are  the  principal  constitu- 
ents. All  these  coarser-textured  rocks  show  on  exposed  surfaces  a 
predominance  of  rounded  forms,  which  have  probably  been  pro- 
duced by  exfoliation.  The  rocks  are  all  indurated,  and  some  of  the 
more  quartzose  sandstones  might  betteir  be  termed  quartzites  and 
others  gray  wackes. 

The  argillitic  rocks  are  gray  to  nearly  black  indurated  shales, 
some  of  which  contain  small  amounts  of  carbonized  material.  The 
argillites  contain  many  closely  spaced  partings  at  various  angles, 
so  that  the  d6bris  resulting  from  their  breaking  down  is  mainly  in 
ingular  fragments.  Some  of  the  rock  that  breaks  down  into  elon- 
gated fragnients  is  called  pencil  slate.  True  slates  are  not  common 
in  this  area. 

BOGFISE  VILLAGE. 

Fine-grained  rocks  predominate  along  the  Yukon  from  the  mouth 
of  Mountain  Creek  to  a  point  below  Dogfish  Village.  They  are 
largely  siliceous  and  include  cherts  and  quartzites  as  well  as  some 
fine-grained  quartzites  containing  a  considerable  amount  of  argilla- 
ceous or  possibly  tuffaceous  material.  Associated  with  the  finer- 
pained  rocks  are  a  few  beds  of  grits  and  conglomerates,  but  the 
pebbles  of  the  conglomerates  are  mostly  not  over  an  inch  in  diameter. 
A  large  proportion  of  the  pebbles  are  of  green  and  born-ccdored 
chert. 

In  the  range  of  hills  north  of  Dogfish  Village  a  great  many  dacite 
porphyry  dikes  intrude  the  sedimentary  rocks.  These  dikes  have 
probably  increased  the  induration  in  the  siliceous  beds,  rendering 
4em  more  resistant  to  erosion  than  rocks  in  adjacent  areas,  so  that 
the  highest  peaks  in  the  region  are  found  within  these  rocks  at  a 
comparatively  short  distance  from  the  river. 


30  THE  ANVIK-AKDREAF8KI  BEGION,   AfAftKA, 

DSTIL8  ELBOW. 

A  rather  wide  lithologic  range  appears  in  the  outcrops  along  the 
north  bank  of  the  Yukon  between  Grand  Island  and  Round  Point. 
Sandstones  and  argillite.  comparable  to  those  of  the  Cretaceous  areas 
above  discussed,  are  included  in  the  series,  which  contains,  in  addi- 
tion, however,  many  fine-grained  siliceous  and  argillaceous  sediments 
of  somewhat  different  character.  These  sediments  are  thin  bedded 
for  the  most  part,  and  in  places  show  numerous  alterations  of  the 
two  principal  phases.  Some  of  these  beds  are  light  colored,  in  places 
nearly  white  on  the  weathered  surfaces;  other  beds  are  green  or 
brown  or  darker  gray.  Where  these  differently  colored  beds  occur  to- 
gether, as  opposite  the  island  about  2  miles  below  Toklik,  the  appear- 
ance of  ribbon  banding  is  pronounced.  It  is  probable  that  some  of 
the  green  bands  may  represent  altered  ash  beds  or  tuffs.  The  se- 
quence of  the  beds  is  not  wholly  clear,  but  there  seem  to  be  fairly  good 
structural  grounds  for  considering  these  rocks  younger  than  the 
sandstones  and  argillites. 

It  was  noted  in  this  small  area  of  Cretaceous  rocks  more  con- 
spicuously than  elsewhere  that  the  exposed  sections  of  small  ridges 
that  are  truncated  by  the  river  commonly  show  the  effects  of  weatlier- 
ing  on  both  the  upstream  and  downstream  sides  near  their  bases. 
This  weathering  is  made  conspicuous  by  the  rusty  red  color  of  the 
residual  material  formed  by  the  decomposition  of  the  hard  rocks. 
Decomposition  has  progressed  so  far  that  it  is  not  always  possible 
to  determine  the  contact  of  the  rocks  with  the  overlying  silts  where 
the  entire  section  is  exposed.  In  the  centers  of  the  truncated  sec- 
tions the  rocks  are  weathered  comparatively  little,  erosion  proceeding 
so  rapidly  that  it  almost  keeps  pace  with  weathering. 


In  the  area  where  mining  operations  are  being  carried  on  near 
Marshall  greenstones  of  various  types  predominate,  but  there  are 
some  sedimentary  rocks  that  are  considered  Cretaceous.  Their  dis- 
tribution is  shown  approximately  on  the  geologic  map  (PL  III,  in 
pocket) .  In  this  area  sandstones  and  argillites  have  been  altered  to 
quartzite  and  slates,  and  conglomerates  carrying  quartz  pebbles  have 
been  subjected  to  pressures  so  great  that  the  pebbles  have  been 
sheared  and  distorted.  Cherts  are  interbedded  with  the  other  sedi- 
ments, both  light  and  dark  gray  varieties  being  seen  either  in  out- 
crop or  in  the  gravels  on  Disappointment  Creek. 

The  sediments  are  cut  by  a  number  of  dikes  and  larger  intrusive 
bodies  of  acidic  rock,  which  are  discussed  under  the  heading  "  Igneous 
rocks"  (pp.  44-47.) 
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OHTILinrX  AND  ANDEEAFSKI  BIYEB  BASUrS. 

In  the  basins  of  the  lower  Kuyukutuk,  Chvilnuk,  and  Andreafski 
rivers  the  carving  of  the  stream  valleys  has  been  greatly  facilitated 
by  the  occurrence  of  an  easily  eroded  bedrock.  Both  the  Kuyukutuk 
and  the  Chvilnuk  flow  into  a  slough  of  the  Yukon  after  passing  for  a 
considerable  distance  through  the  Yukon  flood  plain.  Similarly, 
Andreafski  Hiver  and  its  east  fork  flow  in  rather  wide  valleys  and 
join  after  reaching  the  flood  plain  of  the  Yukon.  It  is  probable  that 
ihe  wide  valleys  of  these  streams  are  also  due  partly  to  the  fact  that 
thev  were  formed  when  the  base  level  of  erosion  was  much  lower  than 
it  is  now. 

Along  the  route  traversed  the  Cretaceous  rocks  appear  for  nearly 
2  miles  below  the  mouth  of  the  Chvilnuk,  and  are  succeeded  on  both 
sides  of  the  river  by  Quaternary  river-laid  sands  and  flood-plain  de- 
posits, which  extend  to  the  mouth  of  Andreafski  Kiver.  Here  the 
Cretaceous  beds  reappear  and  extend  up  the  main  Andreafski  as  far 
as  the  traverse  was  carried,  and  it  is  known  that  they  form  the  hills 
along  the  north  bank  of  the  Yukon  for  several  miles  below  the  mouth 
of  the  Andreafski. 

The  rocks  near  Pilot  station  are  slightly  different  in  some  phases 
from  those  seen  elsewhere.  Some  of  the  beds  show  striking  alterna- 
tions of  sandstone  and  argillite  laminae.  Lenticular  sandstone  layers 
appear  in  the  argillites.  The  argillitic  material  is  usually  so  nearly 
black  that  in  the  talus  it  resembles  "  bloom  "  from  a  coal  seam.  Some 
of  the  sandstones  are  highly  calcareous. 

Movement  along  bedding  planes  has  been  common  in  this  area, 
and  in  certain  localities  slickensides  appear  on  practically  all  the 
bedding  surfaces.  In  the  black  argillites  graphite  and  sericite  occur 
along  the  slickensides. 

Along  the  Andreafski  conglomeratic  phases  are  more  common  than 
near  Pilot  station.  They  appear  generally  in  sandstones  several  feet 
thick,  and  the  pebbles  have  a  maximum  diameter  of  about  2  inches. 
Some  of  the  pebbles  are  white  vein  quartz,  but  more  of  them  consist 
of  argillitic  material.  The  argillite  pebbles  have  a  poor  cleavage, 
which  has  been  developed  since  the  formation  of  the  conglomerates. 

The  argillitic  rocks  are  mainly  slaty,  but  they  include  some  fossil 
teif-bearing  beds  that  have  suffered  comparatively  little  metamor- 
phism,  being  scarcely  more  indurated  than  well-compacted  shales. 
Closely  spaced  joint  cracks,  however,  cause  the  rock  to  break  up  into 
angular  fragments  and  make  it  difficult  to  obtain  determinable  leaf 
imprints.  In  the  sandstones  the  leaves  aire  represented  only  by  a  very, 
faint  smear  of  graphite  and  the  stems  by  indeterminable  compressed 
carbonized  rods.  Besides  the  leaves,  some  of  the  argillitic  beds  also 
contain  distorted  casts  of  invertebrates,  and  in  a  few  places  the  two 
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fossil  types  occur  together.  This  association,  together  with  the  alter- 
nation of  rock  types  and  the  presence  of  well-preserved  fossil  ripple 
marks,  is  indicative  of  near-shore  or  shallow-water  deposition. 

STRUCTURE. 

Massive  bedding  is  the  general  rule  for  the  sandstones,  grits,  and 
conglomerates  and  is  found  in  some  of  the  argillitic  rocks  as  well.  In 
some  of  the  coarser  rocks  the  bedding  planes  are  not  determinable, 
but  in  the  finer-grained  clastic  rocks  slight  textural  or  color  differ- 
ences make  them  apparent.  In  places  a  thin  band  of  argillite  appears 
between  heavy  beds  of  sandstone  or  grit 

In  consequence  of  the  deformation  to  which  the  entire  series  has 
been  subjected,  jointing  is  practically  universal,  but  naturally  the 
joint  planes  are  more  closely  spaced  in  the  argillites  than  in  the  sand- 
stones and  grits,  so  that  talus  from  the  argillites  is  composed  of  small 
angular,  faceted  pebbles,  Whereas  that  from  the  sandstones  and  grits 
is  made  up  of  large  boulders.  Locally  metamorphism  has  been  so 
intense  as  to  convert  the  argillites  to  slates  that  have  a  typical  platy 
cleavage,  mostly  parallel  to  the  bedding. 

The  sandstones  show  in  many  places  a  slight  tendency  to  assume 
rounded  forms,  between  joint  cracks,  which  is  attributed  to  exfolia- 
tion through  weathering.  In  the  argillites  a  somewhat  similar  fea- 
ture may  be  due  in  part  to  weathering,  but  the  exceptionally  well- 
developed  ellipsoids  sometimes  formed  are  probably  concretionary. 

Deformation  has  been  most  severe  in  the  vicinity  of  Marshall,  but 
exposures  there  are  not  sufficient  to  indicate  the  attitude  of  the  beds. 
Elsewhere  sections  along  the  Yukon  and  its  larger  tributaries  afford 
opportunity  for  studies  of  the  structure.    The  dips  for  the  most  part 

are  less  than  45°,  but  on  the  Anvik  and  on  the  Yukon  below  Toklik 

t  

beds  standing  vertical  or  having  reverse  dips  were  seen.  The  beds 
strike  mainly  in  a  northerly  or  northeasterly  direction,  but  near  the 
Devils  Elbow  some  northwesterly  strikes  were  measured.  The  older 
greenstones  are  in  general  flanked  on  both  sides  by  Cretaceous  sedi- 
ments dipping  away  from  the  greenstones  or  by  possibly  Cretaceous 
tuffs  and  flows,  a  distribution  of  outcrops  that  suggests  an  anticline 
whose  crest  has  been  truncated  by  erosion.  Accompanying  minor 
open  folds  are  seen  in  outcrops  between  Akahamut  and  Ohogamut. 
In  the  group  of  hills  north  of  Dogfish  village  there  are  cross  folds  in 
which  the  nearly  vertical  beds  strike  almost  at  right  angles  to  the 
river  and  to  the  general  trend  of  the  formations.  Neair  Marshall 
either  close  folding  or  faulting  is  indicated  by  the  distribution  of 
lithologic  units  and  the  arrangement  of  drainage  lines.  It  is  prob- 
able that  both  folding  and  faulting  have  taken  place,  for  the  rocks 
in  the  few  exposures  at  Marshall  and  at  the  bluff  below  appear  much 
^aulted  and  exhibit  crumpled  and  crenulated  surfaces. 
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In  no  part  of  the  region  do  the  Cretaceous  rocks  appear  imde- 
formed,  but  except  as  noted  above  the  stresses  have  been  relieved  by 
the  formation  of  open  folds  an4  by  faulting,  mostly  of  the  normal 
type.  In  nearly  all  outcrops  faults  along  planes  nearly  perpen- 
dicular to  the  bedding  were  observed,  and  although  many  of  these 
are  of  comparatively  small  throw,  the  occurrence  of  others  having 
throws  ranging  from  several  feet  to  possibly  several  hundred  feet 
and  of  numerous  faults  along  bedding  planes,  which  are  not  so 
readily  apparent,  is  indicative  of  the  magnitude  of  the  stresses  to 
which  the  region  has  been  subjected. 

AGE  AND  CORRELATION. 

Fossil  plants  were  collected  at  several  localities  within  the  Anvik- 
Andreafski  region,  on  Anvik  Kiver,  on  the  Yukon  between  Holy 
Cross  and  Paimiut,  and  on  the  Andreafski  about  11  miles  above  its 
mouth.  Invertebrate  fossils  were  found  in  the  same  bed  as  plant 
fragments  on  Andreafski  River  about  half  a  mile  above  its  mouth 
and  were  also  obtained  near  the  fossil-plant  locality  fartjier  up- 
stream. The  fossil  plants  were  examined  by  F.  H.  Knowlton.  Those 
from  the  Ajivik  and  Yukon  river  localities  are  indeterminable.  Con-  * 
ceming  the  collection  from  the  east  bank  of  Andreafski  River  9.2 
loiles  northeast  of  Andreafski  he  reports  as  follows : 

7250.  Fragments  of  bark  and  wood.  Also  fragments  of  dicotyledons  of  two 
kinds,  with  little  or  no  margins  preserved.  I  also  note  Podozamites  lanceolatut 
and  Taxodium  sp.  I  am  free  to  confess  that  I  am  not  able  to  place  this  lot 
ntisfactorily,  though  there  would  seem  to  be  no  doubt  of  its  being  Cretaceous. 
11  it  depended  on  the  Podozamites  I  should  incline  to  put  it  weU  down  in  the 
Cretaceous,  but  the  dicotyledons  indicate  that  it  can  hardly  be  older  than 
middle  Cretaceous. 

Determinations  of  the  invertebrate  fossils  were  made  by  J.  B. 
Keeside,  jr.,  as  follows : 

3771  16  A  Ha  134.    East  bank  of  Andreafski  River  9  miles  northeast  of  Andre- 
afski : 

Small  unlos  of  three  or  four  probably  undescribed  species. 

Fragment  of  gastropod. 
n75.  16  A  Ha  135.  East  bank  of  Andreafski  River  9:2  miles  northeast  of 
Andreafiski : 

Sphaerium  sp.? 

Unio  sp.,  small  forms  like  those  in  lot  9774. 

Goniobasis  sp.,  fragments  of  a  sharp-keeled  form  and  of  a  multlllneate 
form. 

Vlvlparus  sp.,  fragments  of  a  high-spired  form  and  of  a  stout  low-spired 
form. 
9T76.  16  A  Ha  140.  West  bank  of  Andreafski  River  1.5  miles  below  Andreafjski: 

Ostrea  sp.,  small  unsculptured  form. 

Fragment,  apparently  of  a  large  pelecypod  with  a  sculpture  like  that  of 
some  species  of  Inoceramus. 

69204*— IS— BuU.  683 8 
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Ck>llectloiia  G774  and  0775  contain  the  same  fauna  of  fresh-water  pelecsrpods 
and  gastropoda.  The  unlos  do  not  differ  essentially  from  forms  collected  by 
Collier,  Atwood,  and  Hollick  along  the  Yukon  at  and  below  Nulato.  AU  are 
probably  undescribed.  The  same  is  true  of  t^e  gastropods,  specimens  collected 
by  OoUier,  showing  no  appreciable  differencea  The  fauna  is  supposed,  on 
physical  grounds,  to  be  Oretaceous,  thoui^  in  itself  it  does  not  afford  oonduslve 
evidence  of  its  age,  for  the  types  represented  are  of  long  range. 

Collection  9776  contains  a  form  of  Oitrea  inseparable  from  material  collected 
by  Hollick  near  Nulato  and  represents  a  brackish-water  fauna.  No  sudtk  forms 
are  known  in  the  Tertiary  of  the  entire  region,  and  this  lot  also  is  probably 
Oetaceous,  though  the  fonils  alone  are  not  sufficient  proof. 

Other  collections  made  in  1902  by  A.  J.  Collier,  in  1908  by  Arthur 
Hollick,  and  in  1907  by  W.  W.  Atwood  and  H.  M.  Eakin  include 
specimens  obtained  along  the  Yukon  from  a  point  near  the  mouth  of 
Melozitna  River  to  a  point  about  10  miles  above  Anvik  and  probably 
represent  the  same  series  of  rocks  as  those  found  in  the  Anvik- An- 
dreafski  region.  The  plants  from  these  collections  were  studied  by 
Hollick,  who  summarizes  them  as  follows: 

There  is  a  complex  mixture  of  floras,  not  only  from  locality  to  locality,  but 
also  in  many  of  the  individual  collections.  Localities  of  lower  or  middle  Cre- 
taceous strata  alternate  with  locaUties  where  the  beds  are  of  Upper  Creta- 
ceous or  possibly  of  Tertiary  age,  some  of  them  only  a  few  miles  distant  from 
each  other,  and  some  of  the  collections  contain  floral  elements  so  diverse  that 
it  is  impossible  at  present  to  correlate  them  satisfactorily  with  any  known  or 
described  flora.  There  can  be  no  doubt  that  the  coUections  in  at  least  two 
of  the  localities  indicate  strata  as  old  as  lower-middle  Cretaceous;  the  others 
indicate  strata  which  are  either  Cretaceous  or  questionably  as  young  as  basal 
Eocene. 

Marine  and  fresh- water  invertebrates  from  the  same  region  have 
been  determined  by  Stanton  to  be  mainly  of  Upper  Cretaceous  age. 
The  wide  distribution  in  near-by  regions  of  known  Cretaceous  rocks 
that  are  lithologically  similar  to  those  in  this  region,  together  with 
the  corroborative  evidence  of  the  fossils  foimd,  even  though  they 
were  obtained  at  rather  widely  separated  localities,  and  only  those 
collected  on  Andreafski  River  are  of  stratigraphic  value,  affords 
grounds  for  the  belief  that  the  consolidated  sedimentary  series  as  a 
whole  is  of  Cretaceous  age.  So  far  as  has  been  determined,  how- 
ever, the  entire  Cretaceous  section  may  be  present,  together  with  basal 
Tertiary  deposits.  It  is  not  impossible  that  Triassic  or  Jurassic 
rocks  occur  in  the  areas  mapped  as  Cretaceous,  but  no  evidence  of 
such  age  for  any  of  the  rocks  was  found. 

Some  of  the  effusive  rocks  on  Anvik  River  appear  as  intercalated 
flows,  presumably  near  the  top  of  the  series,  and  are  therefore  late 
Upper  Cretaceous  or  early  Tertiary.  These  flows  are  believed  to 
belong  to  essentially  the  same  period  of  igneous  activity  as  the  ex- 
travasation of  the  flows,  the  deposition  of  the  tuffs  in  the  Bonasila 
basin,  and  possibly  the  intrusion  of  the  earlier  Cretaceous  sediments 
by  dikes  of  acidic  rocks. 
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Cretaceous  rocks  are  widely  distributed  elsewhere  in  western  Aladca, 
and  probably  have  a  greater  areal  extent  than  all  other  consolidated 
deposits  in  this  general  region.  From  the  Kobuk  southeastward  to 
the  Melozitna  and  southward  to  Nulato  and  Norton  Sound,  as  well 
as  along  the  west  bank  of  the  Yukon  still  farther  south,  both  Lower 
and  Upper  Cretaceous  rocks  are  found.  South  of  the  Yukon  they 
crop  out  in  an  area  extending  from  the  headwaters  of  the  Nowitna 
and  its  tributaries  to  and  far  south  of  the  Kuskokwim,  including  the 
Innoko  and  Iditarod  districts.  South  of  the  Kuskokwim  volcanic 
rocks  appear  in  the  series.  Cretaceous  strata  occupy  considerable 
areas  on  the  Alaska  Peninsula,  where  sedimentation  was  apparently 
uninterrupted  during  the  transition  period  from  Upper  Cretaceous 
to  early  Tertiary  time.  Evidence  of  the  wide  distribution  of  the 
Cretaceous  rocks  elsewhere  in  Alaska  is  afforded  by  their  presence 
along  the  north  front  of  the  Endicott  Kange,  in  the  Yukon-Tanana 
region,  in  the  Chitina  Valley,  and  in  southeastern  Alaska.  Close 
correlation  of  the  Cretaceous  of  the  Anvik-Andreafski  region  with 
that  of  other  regions  should  not  yet  be  attempted.  It  is,  however, 
safe  to  make  broad  correlations  and  to  state  that  the  deposits  of  the 
entire  lower  Yukon  Valley  were  laid  down  in  the  same  or  adjacent 
basins  during  Cretaceous  and  Eocene  time.  A  concept  of  the  condi- 
tions of  ^Sedimentation  in  great  embayments,  with  alternations  of 
periods  of  quiescence,  subsidence,  and  occasional  elevation  of  the  land 
surface,  affords  a  means  of  understanding  how  such  a  series  of  rocks 
might  have  been  formed. 

TEBTIABY  SEBIHENTS. 

As  suggested  above,  a  portion  of  the  sediments  mapped  as  Cre- 
taceous may  be  early  Tertiary.  If  this  is  true,  however,  the  Cre- 
taceous and  Tertiary  localities  can  be  separated  only  through  the 
finding  of  determinative  fossils,  as  the  rocks  of  the  two  systems,  if 
both  are  represented,  are  lithologically  similar. 

It  is  likewise  possible  that  the  series  of  tuffs  and  flows  intercalated 
with  the  sediments  at  one  locality  on  Anvik  Biver  may  be  Tertiary. 
Together  with  the  intrusives  below  Holy  Cross,  these  rocks  are  con- 
sidered in  thQ  foregoing  description  of  the  Cretaceous  rocks,  for  they 
sre  of  the  same  age  as  rocks  supposed  to  be  Cretaceous.  The  effusive 
and  intrusive  rocks  are  considered  as  belonging  to  the  same  period 
of  igneous  activity,  although  no  direct  evidence  to  support  this  in- 
ference was  seen.  No  sediments  known  to  be  of  Tertiary  age  were 
found.  It  is  likely  that  during  Tertiary  time,  especially  during  the 
later  part,  the  present  topography  was  outlined,  although  the  base 
level  was  considerably  lower  than  at  present  and  the  relief  was 
peater.     Only  terrestrial  deposits  were  formed,  and  these  have  been 
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almost,  if  not  entirely,  removed  by  Quaternary  erosion  or  covered 
with  the  products  of  erosion. 

At  two  localities  sediments  occur  which  may  be  of  Tertiary  age. 
Near  the  mouth  of  the  small  creek  entering  Andreaf ski  River  about 
200  yards  below  the  post  office  at  Andreaf  sip  is  a  very  small  exposure 
of  blue  clay  which  differs  from  any  Quaternary  deposits  seen.  On 
the  Yukon  2^  miles  above  Ingrumhart  gravel  beds  are  overlain  by 
basaltic  flows,  but  as  the  pebbles  of  the  gravel  are  similar  in  com- 
position to  the  overlying  flows,  the  presumption  is  that  they  belong  to 
the  same  period  as  the  lavas.  No  direct  evidence  is  at  hand  as  to  the 
possible  Tertiary  age  of  either  the  clay  or  the  graveU.  No  fossils 
were  found  in  either  place,  and  the  relations  of  these  beds  to  other 
rocks  are  such  that  they  might  be  either  Tertiary  or  Quaternary. 
They  are  described  in  connection  with  the  Quaternary  deposit& 

QUATEBNABY  BEDIKSKTS. 
AGENCIES  AND  PROCESSES. 

The  unconsolidated  deposits  found  in  this  region  are  of  many  types 
and  owe  their  presence  to  different  agencies  and  processes.  Silts  and 
gravels  that  lie  at  elevations  well  above  the  present  stream  courses 
undoubtedly  were  laid  down  in  part  as  deltas  in  embayments  at  a 
time  when  much  of  the  region  was  inundated.  On  reelevation  of 
the  land  surface  drainage  lines  were  again  established.  It  appears 
likely  that  for  the  most  part  the  courses  of  present  streams  are  those 
of  the  period  following  the  reelevation.  These  streams  have  laid 
down  alluvial  deposits  of  gravel,  sand,  and  silt,  the  extent  of  which 
is  generally  limited  by  the  flood  plains,  so  that  along  the  smaller 
streams  the  deposits  are  but  a  few  feet  in  width,  whereas  along  the 
Yukon  and  its  larger  tributaries  they  extend  for  many  miles. 

On  the  higher  hills  and  ridges  the  products  of  comminution  by 
mechanical  and  chemical  forces  form  a  mantle  over  much  of  the 
surface,  either  as  soil,  as  talus,  or  as  brcdcen  residual  rock  d6bris. 
So  completely  do  these  deposits  conceal  the  underlying  rock  that 
the  nature  of  contacts  and  the  attitude  of  individual  beds  are 
obscured. 

Vegetation  serves  to  hide  still  further  the  nature  of  the  material 
upon  which  it  grows,  especially  on  all  but  the  steepest  slopes  in  the 
untimbered  areas,  where  lichens,  mosses,  and  grasses  make  up  a 
protective  mat  and  in  some  places  form  peat  beds  that  may  be  several 
inches  thick. 

Practically  the  entire  region  is  thus  mantled  with  Quaternary  de< 
posits  which  mask  what  lies  beneath.  Bedrock  is  as  a  rule  seen 
only  along  the  streams  and  at  or  near  the  crests  of  hills  or  ridges. 
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Many  of  the  outcrops  on  hills  or  ridges  cover  only  small  areas  and 
are  so  much  affected  by  creep  or  jointed  by  frost  as  to  be  of  little 
seryice  in  the  interpretation  of  structure. 

The  Quaternary  deposits  as  mapped  include  only  the  older  silts 
and  recent  alluvium,  not  the  residual  mantle  of  soil,  talus,  and  rock 
debris  or  the  covering  of  peat,  which  are  not  mapped.  Although  the 
older  silts  and  recent  alluvium  are  described  separately,  they  are 
mapped  together,  as  sufficient  data  were  not  obtained  to  map  them 
individually.  There  is  not  everywhere  a  topographic  break  between 
the  older  and  younger  sediments,  and  contacts  that  are  not  exposed  in 
cuts  along  the  banks  of  streams  are  masked  by  vegetation. 

Between  the  higher-lying  residual  soil  or  talus  on  slopes  and  the 
silts  or  alluvium  Uiere  is  generally  no  sharp  line  of  demarcation  and 
apparently  every  stage  of  gradation  in  topographic  form  exists.  As 
a  consequence  the  boundary  lines  as  drawn  between  the  areas  of 
water-laid  deposits  and  of  bedrock  are  of  necessity  appiroximations. 

OLDER  SILTS  AND  QRAVEI^ 

.  In  the  valleys  of  Bonasila  and  Anvik  rivers  and  at  numerous 
places  on  the  Yukon  and. one  locality  on  the  Andreafski  are  silt  and 
gravel  beds  which  lie  at  considerable  elevations  above  the  present 
stream  courses.  These  deposits  were  noted  in  sections  along  streams 
almost  800  feet  above  sea  level.  The  exposure  usually  has  the  ap- 
pearance of  a  dissected  terrace,  sldping  back  from  the  top  of  the 
section  at  a  very  low  angle.  Above  such  terraces  and  farther  back 
from  the  drainage  courses  rise  still  other  terraces  to  elevations  of 
about  600  feet,  in  which  no  sections  were  seen.  It  is  significant, 
however,  that  rocks  crop  out  but  rarely  below  600  feet,  except  along 
stream  cuts,  and  that  outcrops  are  considerably  more  common  above 
this  elevation.  Sections  of  the  older  gravels  and  silts  are  not  espe- 
cially common,  even  along  streams,  but  exposures  were  seen  in  many 
parts  of  the  area  and  afford  evidence  of  the  widespread  distribution 
of  such  sediments. 

At  Anvik  silts  cover  the  underlying  bedrock,  which  is  exposed  only 
along  the  river  beach.  Two  miles  up  Anvik  Eiver  sand  and  silt  make 
up  the  bluff  that  rises  steeply  about  100  feet  above  the  river.  Farther 
upstream  they  appear  to  merge  with  the  present  flood-plain  deposits 
of  the  Anvik.  About  4  or  5  miles  below  the  mouth  of  the  Beaver  a 
email  stream  enters  the  Anvik  from  the  east.  For  a  quarter  or  half 
a  mile  above  its  mouth  the  silts  form  a  bluff  20  to  30  feet  high,  into 
which  the  river  is  cutting.  At  the  upper  end  of  the  bluff  bedrock  is 
exposed  in  a  much  weathered  outcrop,  which  is  overlain  by  weathered 
gravels,  and  these  grade  within  a  short  distance  into  the  conformably 
overlying    silts.    On  the  Stuyahok  a  bluff  was  noted  in  which  the 
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gravelfl  oocuning  at  the  upper  end  grade  downstream  into  finer 
material.  At  the  upper  end  of  the  outcrop  practically  the  entire 
section  consists  of  gravel;  a  few  hundred  feet  downstream  gravels 
and  sands  are  interbedded;  still  farther  downstream  practically  the 
entire  section  is  fine  sand  or  silt  On  the  lower  Bonasila  the  river 
cuts  against  the  low  hills  between  Bonasila  and  Anvik  rivers,  giving 
exposures  of  80  feet  or  more  of  fine  sands  and  silts.  On  the  Anvik 
side,  hills  of  similar  material  rise  sharply  150  feet  or  more  directly 
from  sloughs  of  the  Anvik. 

Between  Anvik  and  Kussian  Mission  the  older  unconsolidated  de- 
posits are  seen  in  few  exposures,  but  well-developed  terraces  such  as 
are  associated  with  these  deposits  elsewhere  appear  at  several  levels. 
Of  these  terraces  the  one  at  600  feet  seems  to  be  the  most  persistent. 
Along  the  hill  facing  the  river  erosion  has  removed  not  only  the  un- 
consolidated sediments  but  considerable  of  the  underlying  bedrock, 
and  it  is  only  in  the  small  lateral  valleys  that  the  sediments  remain 
and  appear  as  terraces.  Much  the  same  conditions  are  found  below 
Kussian  Mission,  but  the  exposures  are  somewhat  better.  In  the  small 
slough  about  2  miles  below  Bussian  Mission  at  least  200  feet  of  silts . 
are  exposed  in  what  appears  to  be  an  old  bedrock  depression.  On 
either  side  of  this  exposure  silts  to  a  depth  of  several  feet  overlie  the 
bedrock,  as  if  the  old  depression  has  been  filled  to  the  level  of  its  banks, 
and  sedimentation  had  then  continued  over  both  the  filled  depression 
and  the  adjacent  low  hills.         • 

At  several  places  farther  down  the  river  essentially  similar  fea- 
tures may  be  seen,  the  gravels  and  silts  that  fill  the  lateral  tributary 
valleys  still  persisting.  Such  deposits  are  especially  noticeable  2 
miles  below  Toklik,  where  15  to  20  feet  of  silt  and  fine  sand  appear 
above  50-foot  exposures  of  the  Cretaceous  rocks.  From  the  upper 
edge  of  the  silt  exposure  to  the  crests  of  the  flat-topped  hills  150  to 
200  feet  above  the  river  the  slopes  are  less  steep  and  are  covered  with 
vegetation.  It  seems  likely  that  these  hills  represent  silt  terraces  on 
the  fronts  of  the  hills  farther  back  from  the  river.  Similar  terraces 
are  seen  near  the  Cross  Slough  but  are  less  distinct  elsewhere,  as  at 
Marshall,  on  account  of  the  much  gentler  slope  of  the  bedrock. 

On  Andreafski  River  terraces  are  only  faintly  indicated.  The 
dark-gray  or  blue-gray  mud  and  clay  banks  of  the  stream  are  in  places 
15  to  20  feet  high  and  possibly  represent  the  products  of  flood-plain 
deposition,  though  they  may  be  older.  The  gravels  seen  at  the  end 
of  the  Survey  traverse,  8  or  10  feet  thick  where  exposed,  may  also 
be  river  borne  or  they  may  be  the  basal  beds  of  the  older  gravels, 
sands,  and  silts,  but  no  sections  were  observed  here  or  elsewhere  on 
the  Andreafski  of  a  nature  to  confirm  the  suggestion  as  to  this 
occurrence  which  the  terrace  forms  present. 
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Near  the  mouth  of  the  small  stream  below  the  warehouses  of 
the  Northern  Conmiercial  Co.  at  Andreaf  ski  is  a  small  outcrop  of 
light  blue-gray  clay.  Its  age  and  origin  are  wholly  in  doubt.  It 
may  represent  a  remnant  of  late  Tertiary  sediments  but  appears 
more  likely  to  be  Quaternary  and  equivalent  to  the  older  gravels 
and  silts  or  to  more  recent  river-laid  sediments. 

The  exposure  of  gravels  under  the  flows  above  Ingrumhart  is  dis- 
cussed in  connection  with  the  Quaternary  igneous  rocks.    (See  p.  49.) 

The  most  satisfactory  explanation  of  the  origin  of  these  high- 
lying  unconsolidated  sediments  is  afforded  by  the  hypothesis  that 
an  inundation  of  the  region  covered  points  now  600  feet  or  more 
Hboye  sea  level  and  that  the  gravel,  sand,  and  silt  represent  the 
deposits  laid  down  by  the  advancing  sea  and  reworked  by  the  re- 
treating sea  during  the  period  of  emergence.  From  the  occurrence 
of  deeply  buried  valleys  such  as  those  on  the  lower  courses  of  Anvik, 
Bonasila,  Koserefski,  Kuyukutuk,  and  Chvilnuk  rivers  and  some  of 
the  smaller  streams  it  is  evident  that  at  the  beginning  of  the 
period  of  inundation  the  base-level  of  erosion  was  lower  and  the  land 
>tood  considerably  higher  above  the  sea  than  at  the  present  time. 
The  record  of  the  inundation  and  filling  in  of  depressions  below  the 
present  land  surface  is  concealed  by  the  sediments  laid  down  at  that 
time  and  by  the  later  alluvial  deposits.  If  elevation  and  subsidence 
took  place  fairly  uniformly  over  the  entire  region,  as  is  indicated 
by  the  presence  of  terraces  at  the  same  elevation  at  widely  separated 
localities,  the  outlines  of  the  sea  at  successive  stages  may  be  closely 
approximated  from  the  topographic  map  (PL  I,  in  pocket).  From 
Russian  Mission  to  the  Kuskokwim  as  well  as  west  to  Bering  Sea 
the  deltas  of  the  Kuskokwim  and  Yukon  were  inundated,  and  embay- 
ments  reached  far  up  these  streams  and  their  tributaries.  At  suc- 
cessive stages  of  tlie  inundation  deltas  were  formed  in  the  embay- 
ments  at  the  mouths  of  the  streams,  and  the  delta  deposits  are  now 
represented  by  gravel  beds  such  as  those  on  the  Stuyahok  or  on  the 
Anvik  above  the  mouth  of  Yellow  River.  Beach  deposits  were 
formed  along,  shore  lines  at  about  the  same  levels,  and  these  may 
be  represented  by  the  gravels  near  Anvik.  Fine  sands  and  silts  were 
laid  down  in  the  deeper  water  of  the  embayments.  Deposits  of  this 
type  form  the  plain  through  which  the  lower  Stuyahok,  Bonasila, 
and  Anvik  rivers  now  flow.  The  fine  and  unconsolidated  nature  of 
the  material  facilitated  the  rapid  cutting  of  the  stream  courses  in 
adjustment  to  new  grades,  and  later  erosion  by  lateral  cutting  has 
produced  wide  valleys  and  flood  plains  intrenched  in  these  older 
sediments.  None  of  the  other  large  streams  were  traversed  by  the 
Survey  party,  but  it  seems  likely  from  the  evidence  afforded  by  the 
low  terraces  along  the  Yukon  as  far  down  as  Marshall  that  inun- 
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dation  occurred  there  under  the  same  conditions  as  elsewhere,  and 
that  similar  deposits  will  be  found  in  the  valleys  of  Kuyukutuk  and 
Chvilnuk  rivers. 

No  direct  evidence  was  found  in  the  region  as  to  the  age  of  these 
deposits,  except  that  there  is  generally  no  sharp  line  of  demarca- 
tion between  them  and  the  products  now  being  formed  by  residual 
decomposition,  solifluction,  alluviation,  and  other  process^. 

Silts  and  gravels  essentially  similar  in  character  to  those  in  the 
Anvik-Andreafski  region  are  said  to  be-  widespread  throughout  the 
lower  Yukon  and  Koyukuk  valleys.^    The  b^  exposures  of  these 
deposits  along  the  Yukon  are  in  the  Palisades  below  Tanana  and  the 
high  silt  bluffs  about  8  miles  below  Louden  telegraph  station.     No 
such  sections  have  been  noted  in  the  Innoko  and  Iditarod  valleys, 
although  Maddren'  mentions  silt  banks  80  feet  high  on  the  lower 
Innoko,  but  the  occurrence  of  50  to  70  feet  of  muck  above  5  to  20 
feet  of  gravel  on  Poorman  and  Flat  creeks,  in  the  Ruby  district,* 
and  of  70  feet  of  muck  above  30  feet  of  gravel  on  Boob  Creek,  in  the 
Innoko  district,  indicates  that  processes  other  than  alluviation  were 
active  in  those  areas.    These  deposits  and  those  on  the  Yukon  are 
attributed  by  the  writer  to  inundation,  the  agency  that  caused  the 
formation  of  the  silt  and  gravel  beds  in  the  Anvik-Andreafski 
region. 

The  fresh-water  Pleistocene  invertebrate  fossils  found  in  the  silt 
at  the  Palisades  are  presumed  to  have  lived  in  a  fresh-water  estuary 
at  an  early  stage  of  the  inundation.    In  the  silts  above  Anvik  Gilmore  * 
collected  remains  of  Pleistocene  mammals,  finding  bones  of  mam- 
moth and  bison  about  5  miles  above  Hall  Rapids,  and  W.  C.  Chase,  of 
Anvik,  found  the  lower  jaw  of  Elephas  near  Grayling.    Gilmore  also 
mentions  a  reported  Pleistocene  fossil  locality  on  the  Yukon-Kusko- 
kwim  portage.    Other  such  localities  in  the  vicinity  of  a  lake  south' 
of  Andreafski  and  a  lake  near  Fort  Hamilton  were  reported  to  the 
writer.    A  large  bone  fragment  seen  at  Andreafski  was  said  to  have 
come  frwn  the  locality  near  old  Fort  Hamilton.    The  Pleistocene 
mammal  boneg  found  by  Gilmore  near  Hall  Rapids  were  similar  to 
others  *  found  by  him  at  the  Palisades,  on  the  Nowitna,  and  at  other 
places  in  the  Yukon  basin.    Similar  fossils  were  seen  by  the  writer 

1  Eakln,  H.  M.,  The  Tukon-Kojukuk  region,  Alaska:  U.  S.  Geol.  Survey  BuU.  631,  pp. 
63-63,  1916 ;  The  Cosoa-Nowitna  region :  U.  S.  Qeol.  Survey  Bull.  667,  pp.  35-36,  1918. 
Mertie,  J.  B.,  and  Harrington,  G.  L.,  The  Ruby-Kuskokwim  region,  Alaska :  U.  8.  Geol. 
Survey  Bull.  —  (In  preparation).  Gilmote,  C.  W.,  Smithsonian  Misc.  Coll.,  voL  51,  No. 
1807,   1908. 

*Maddren,  A.  G.,  The  Innoko  gold  placer  district,  Alaska:  U.  S.  Geol.  Survey  Ball. 
410,  p.  58,  1910. 

■Mertie,  J.  B.,  and  Harrington,  G.  L.,  The  Ruby-Kuskokwim  region*  Alaska:  U.  & 
Geol.  Survey  BulL  —  (in  preparation). 

*  Gilmore,  C.  W.,  op.  cit.,  p.  12. 

>  Gilmore,  C.  W.,  op.  dt. 
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CQ  many  of  the  creeks  in  the  Ruby  district.  This  fauna  serves  to 
correlate  the  silt  in  the  localities  where  evidence  of  it  is  found  and 
to  famish  evidence  of  its  Pleistocene  age. 

Shell  fragments  were  also  reported  as  having  been  found  in  test 
pits  during  the  course  of  prospecting  on  the  flats  near  Willow  Creek. 
These  were  not  seen  by  the  writer,  but  from  the  description  given 
they  appear  to  have  been  marine. 

HODIBRK  STREAM  DEPOSrFS. 

• 

Throughout  the  region  the  streams  are  transporting  and  laying 
down  gravels,  sands,  and  silts,  representing  reworked  older  material 
of  similar  texture,  either  of  alluvial  or  marine  origin,  as  well  as  soil 
ind  other  comminuted  products  of  chemical  and  mechanical  disinte- 
gration. In  all  the  streams  except  the  Yukon  the  water  is  clear, 
except  as  it  is  discolored  by  vegetable  matter  or,  during  flood  stages, 
by  sdlt  and  sands.  It  appears  likely  that  part  of  the  deeper-lying 
Travels  found  in  prospecting  on  some  of  the  streams  were  formed 
it  an  earlier  time  and  possibly  by  other  agencies,  but  further  study 
nil  be  required  to  determine  these  points.  The  creek  gravels  along 
^me  of  the  streams  near  Marshall  are  discussed  under  ^Mineral 
resources"  (pp.  59-^3). 

In  the  lower  reaches  of  the  rivers  tributary  to  the  Yukon  gradients 
jre  low  and  stream  velocities  appear  to  be  controlled  largely  by  the 
siage  of  water  in  the  master  stream.  This  feature  is  well  displayed 
W  Bonasila  River.  On  July  6,  1916,  the  current  in  this  stream  was 
barely  perceptible  even  at  20  miles  above  the  Yukon;  two  weeks 
:ater,  when  the  Yukon  had  fallen  6  feet  or  more,  the  current  in  the 
Bonasila  was  noticeable  almost  to  its  mouth.  During  stages  of 
ligh  water  the  silt-laden  Yukon  overflows  its  own  lowlands  and 
those  of  many  of  its  tributaries  and  deposits  most  of  the  fine 
iands  and  silts.  As  a  result  the  banks  of  the  lower  reaches  of  these 
streams  are  made  up  wholly  of  silt,  largely  deposited  by  the 
Vukon.  Farther  up  the  tributaries  the  silts  are  the  result  of  flood- 
plain  deposition  by  the  streams  themselves,  and  although  the  banks 
ciay  be  6  to  12  feet  high,  they  usually  contain  sand  and  gravel  layers 
near  the  base,  and  gravel  bars  are  normally  found  at  bends  in  the 
streams.  Oxbow  sloughs  and  lakes,  resulting  from  the  cutting 
through  of  meander  loops,  are  of  common  occurrence  in  the  flood 
plains.  Nearer  their  heads  the  stream  gradients  increase,  the  flood 
(lains  become  narrower,  and  the  alluvial  deposits  include  more  and 
i&ore  gravels  and  sand. 

The  sediments  laid  down  by  the  Yukon  are  more  striking  than 
those  of  the  smaller  streams.    Stages  of  water  30  or  40  feet  above 
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the  normal  are  reported,  and  for  many  miles  along  the  river  the 
banks  are  not  over  20  feet  high.    On  the  left  bank  flood-plain  depo- 
sition reaches  back  several  miles  from  the  river,  but  on  the  right 
bank  the  river  cuta  bedrock  at  many  places,  so  that  flood-plain 
deposits  on  this  side  are  usually  of  small  extent.    The  rate  of  deposi- 
tion b}'  the  Yukon  was  very  well  shown  in  a  cut  bank  at  the  edge  of 
a  marsh  near  the  mouth  of  the  Bonasila.    In  this  bank  thin  bands 
of  vegetal  material  alternate  with  beds  of  fine  sand  and  silt  from 
a  quarter  of  an  inch  to  8  inches  in  thickness.    In  a  section  of  3  feet 
about  50  such  silt  beds  appear;  and  as  each  layer  of  vegetal  material 
probably  represents  the  growth  of  one  season,  or  possibly  two.  and 
each  layer  of  sediments  represents  the  deposition  during  the  period 
of  overflow,  mainly  in  the  spring,  it  seems  reasonable  to  presume 
that  the  time  required  for  the  accumulation  was  approximately 
50  years,  or  250  years  for  the  accumulation  of  the  sediments  repre- 
sented in  the  15  feet  exposed  in  the  cut  bank.    Conditions  appear  to 
have  been  exceptionally  favorable  for  sedimentation  and  preserva- 
tion from  erosion  at  this  place,  and  it  does  not  follow  that  sedimen- 
tation is  proceeding  at  this  rate  everywhere  in  the  region.    At  sev- 
eral places,  however,  the  steamboat  channels  have  changed  consid- 
erably in  the  last  15  or  20  years,  the  old  channels  having  fillecl  up  so 
as  to  be  impassable  to  the  larger  boats,  and  sloughs  have  been  cut 
through  to  form  new  channela    Thus  Poltes  Slough  at  Marshall  is 
now  used  by  the  steamboats  and  is  rapidly  cutting  a  larger  channel, 
while  the  much  larger  old  channel  is  being  so  rapidly  filled  that 
none  of  the  steamers  now  follow  it.    Above  Paimiut  the  main  stream 
formerly  flowed  to  the  north  of  Horse  Island,  but  it  now  flows  south 
of  the  island,  and  the  old  channel  is  filling.     At  the  Devils  Elbow 
similar  filling  has  taken  place;  the  middle  slough,  formerly  used  by 
steamers,  is  no  longer  passable,  and  the  large  loop  of  the  elbow  is 
the  principal  channel,  although  some  of  the  largest  boats  pass 
through  Cross  Slough. 

The  sediments  of  the  Yukon  are  mainly  fine  sands  and  silts,  and 
little  gravel  is  to  be  found  except  at  the  moutiis  of  small  streams 
entering  the  river  from  the  right.  Ice-rafted  pebbles  from  these 
gravels  may  be  seen  here  and  there  oh  bars  or  on  the  left  bank  of  the 
river.  Below  Dogfish  village  some  of  the  streams  have  built  gravel 
deltas  out  into  the  Yukon.  The  sediments  that  were  laid  down  from 
waters  flowing  with  considerable  velocity  consist  mainly  of  sand,  as 
in  the  numerous  bars  covered  at  high  water  and  the  flood-plain  sands 
near  the  banks  of  the  streams.  Quartz  and  feldspar  grains  are  the 
principal  minerals,  but  a  few  deposits  contain  some  mica.  The  sand 
was  tested  wherever  the  banks  were  sufficiently  dry  and  was  found 
to  contain  some  magnetite.    Below  Russian  Mission  a  considerable 
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irnount  of  magnetite  was  seen  in  the  sand,  and  this  is  thought  to 
hive  caused  the  local  magnetic  disturbance  that  affected  the  needle 
of  the  alidade  compass. 
The  finer  silty  material  is  laid  down  in  slack  water  and  forms 
isost  of  tlie  deposits  in  depressions  away  from  the  river,  or  in  the 
jiallo^^  dead  water  found  in  places  along  one  bank,  as  on  the  south 
iide  belo^w  Paimiut,  where  mud  2  or  3  feet  deep  forms  the  wide 
oeach  bet^ween  the  steep  banks  cut  at  high  water  and  the  water's 
edge  at  normal  and  low  stages. 

ORQANIC  DEPOSriB. 

On  all  but  the  steepest  slopes  in  this  region  the  underlying  rock 
'ir  soil  is  covered  by  vegetation,  for  the  most  part  moss  or  lichens, 
ilthougli    in   some  places  grasses  and  other  plants  predominate, 
it  higli   elevations,  where  there  is  usually  fair  drainage,  vegetal 
iccumulations  are  slight  in  amount.    On  gentle  slopes  or  on  the 
rrests  of   rounded  ridges  mosses  and  lichens,  together  with  leaves 
and  grasBes,  form  a  practically  continuous  mantle,  which  is,  how- 
e?er,  generally  not  more  than  a  foot  in  thickness  over  any  extensive 
iiea.     On  flat-topped  hills,  under  favorable  conditions,  these  accu- 
Dulations  may  reach  slightly  greater  thicknesses.    The  most  exten- 
sive deposits,  however,  are  formed  along  the  poorly  drained  areas 
vithin  or  slightly  above  flood  plains.    In  such  situations  the  condi- 
tions for  growth  seem  to  be  most  favorable  and  accumulations  of 
peaty  material  are  common.    For  the  most  part  these  deposits  are 
formed    from  the  same  plants  as  those  at  higher  elevations,  but 
zrasaes  and  sedges  and  some  aquatic  plants  occur  in  greater  amount, 
md  trees  that  float  in  during  high  water  or,  growing  on  the  deposit. 
hH  and  form  a  part  of  it  are  of  conmion  occurrence.    Many  section.s 
of  these  deposits  are  exposed.    One  of  the  best  exposures  seen  ap- 
pears in  the  bank  of  the  Yukon  above  the  Bonasila.    Here  the  brown 
peat  is  at  least  5  feet  thick  and  contains  many  spruce  logs,  which 
have  been  broken  off  flush  with  the  surface  of  the  bank  by  floating 
ice.     (See  PL  VI,  B,  p.  23.)    The  logs  appear  but  little  rotted.    The 
peat  is  layered,  and  some  partings  of  silt  or  fine  sand  appear  in  it,  the 
result  of  deposition  at  flood  stages  of  the  river  when  the  peat  was 
being  formed.    No  such  deposits  were  seen  on  any  of  the  tributary 
streams,  although  well-consolidated  beds  of  peat  over  a  foot  thick 
tre  fairly  abundant. 

In  the  eddies  of  the  Yukon  at  high  water  driftwood  often  forms 
piles  on  the  banks  which  are  several  feet  high,  and  in  1916  the  banks 
of  one  or  two  sloughs  were  covered  with  logs  two  or  three  deep. 
Here  and  there  a  log  was  embedded  in  the  bank,  but  no  suggestion 
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was  seen  of  any  such  piles  becoming  thick  enough  to  form  on  altera- 
tion beds  of  lignite.  It  appears  likely  that  for  the  most  part  these 
logs  are  picked  up  during  periods  of  rising  water  of  successive  high- 
water  stages,  carried  along  for  a  time,  and  then  dropped  when  the 
water  falls. 

None  of  the  deposits  of  peat  appear  to  have  any  present  value,  in 
view  of  the  abundance  of  timber  in  the  areas  where  the  peat  is  found. 

IGKEOUS  BOCKS. 
GREENSTONES. 

Carboniferous  greenstones  occupy  large  areas  in  this  region,  but 
the  rocks  are  intermingled  with  sedimentary  deposits  and  are  de- 
scribed in  connection  with  the  sediments  on  pages  23-26. 

SODA  QBANrrEB,  QUABT^  DIORTTES,  AND  DIORTrES. 

At  a  number  of  places  below  Russian  Mission  large  dikes  or  sills 
and  still  larger  bodies  of  stocklike  form  have  intruded  the  green- 
stones and  the  younger  sediments.  Such  intrusions  occur  just  above 
the  native  villages  of  Kaka  and  Ohogamut.  Between  Spruce  Creek 
and  the  Kuyukutuk  there  are  several  larger  areas  of  soda  granites, 
the  largest  of  which  forms  the  core  of  Pilcher  Mountain.  The  next 
largest  area  is  at  the  head  of  Willow  Creek  and  extends  from  a  point 
near  the  forks  at  claim  No.  5  above  Discovery  almost  to  the  crest  of 
the  ridge.  Owing  to  the  covering  of  soil,  rock  debris,  and  vegeta- 
tion it  was  not  determined  whether  this  body  is  continuous  with  those 
to  the  west  at  the  heads  of  Owl  and  Slope  creeks  and  to  the  east  at 
the  head  of  McNeill  Creek.  Some  of  these  areas  are  believed  to  rep- 
resent separate  intrusive  masses  and  have  been  so  mapped. 

Along  the  bank  of  Poltes  Slough,  both  at  Marshall  and  a  short 
distance  below  the  mouth  of  Wilson  Creek,  there  are  some  sheared 
gneissoid  dikelike  bodies  that  approach  quartz  diorites  in  composi- 
tion, but  their  original  texture  has  been  destroyed  and  it  can  not  be 
positively  stated  whether  they  are  of  igneous  or  sedimentary  origin. 
Similar  gneissoid  material  was  seen  in  the  talus  southwest  of  Pilcher 
Mountain  and  on  the  north  slope  of  Mount  Okumiak.  Along  the 
edges  of  the  intrusive  masses  at  the  heads  of  Slope  and  Owl  creeks 
evidence  of  shearing  is  found  in  the  secondary  structure  which  has 
been  developed.  Except  as  stated  above,  the  texture  and  appearance 
of  these  rocks  is  essentially  granitic,  with  only  an  occasional  sugges- 
tion of  gneissoid  structure. 

At  the  end  of  the  Survey  traverse  on  Anvik  River  a  small  cropping 
of  diorite  was  seen,  but  its  relation  to  adjacent  rocks  was  not  deter- 
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mined.  Similar  rocks  were  seen  in  small  areas  east  of  Mount  Oku- 
miak,  and  on  account  of  their  lithologic  similarity  to  the  quartz  dio- 
rites  and  the  small  size  of  the  exposures,  they  are  mapped  with  the 
quartz  diorites  and  soda  granite. 

Considerable  variations  in  mineral  composition  are  found  from 
place  to  place,  but  these  are  believed  to  be  only  such  as  are  normally 
to  be  expected.  Quartz  is  not  abundant,  being  usually  less  in  quanr 
tity  tban  the  feldspars,  though  everywhere  present  in  moderate 
amount  except  in  the  diorites.  The  feldspars  are  all  plagioclase,  of 
which  oligoclase-albite  appears  to  be  the  most  abundant,  but  it  is 
ilmost  invariably  associated  with  albite  or  with  andesine.  Other 
members  of  the  plagioclase  series  which  may  be  as  basic  as  labra- 
iorite  are  occasionally  seen.  Magnetite  is  usually  found  in  small 
amounts.  Apatite  occurs  in  some  of  these  rocks,  especially  in  those 
in  which  there  are  graphic  intergrowths  of  quartz  and  feldspar. 
Biotite  is  less  common  than  hornblende  or  pyroxene.  Secondary 
minerals  have  developed  at  the  expense  of  the  feldspars  and  ferro- 
magnesian  minerals  and  include  epidote,  chlorite,  calcite,  and  green 
hornblende,  which  have  given  most  of  the  rocks  a  greenish  tinge. 

These  intrusives  are  all  younger  than  the  greenstones,  und  some  if 
not  all  of  them  are  younger  than  the  members  of  the  sedimentary 
series  between  Windy  Point  and  Marshall,  which  have  been  provi- 
sionally mapped  as  Cretaceous.  There  may  thus  be  two  series  of 
igneous  rocks  of  very  similar  chemical  composition;  on  the  other 
hand,  there  is  a  possibility  that  the  sediments  mentioned  are  early  Meso- 
zoic  and  that  but  one  period  of  igneous  activity  is  represented.  It  is 
believed,  however,  that  intrusion  occurred  during  two  periods,  to  the 
earlier  of  which  belong  the  gneissoid  dikelike  bodies  near  Marshall 
and  the  intrusive  mass  forming  Pilcher  Mountain,  as  well  as  some 
of  the  intrusives  eastward  from  Mount  Okumiak,  and  to  the  later  of 
which  are  to  be  assigned  the  bodies  of  soda  granite  near  Kaka  and 
Ohagamut,  together  with  some  of  those  near  Willow  Creek,  which 
ire  believed  to  be  contemporaneous  with  the  dacite  dikes  in  the  Mar- 
^all  district  and  in  the  vicinity  of  Dogfish  village,  as  well  as  with 
the  andesite  and  dacite  tuffs  and  flows  farther  north.  As  is  stated  be- 
low these  andesites  and  dacites  are  probably  of  early  Tertiary  age. 
They  show  little  or  no  deformation.  The  fact  that  some  of  the  soda 
granites  are  undeformed,  though  other  rocks  resembling  them  closely 
in  composition  and  occurring  in  the  same  area  are  much  deformed, 
is  taken  as  evidence  of  two  periods  of  intrusion,  the  earlier  of  which 
is  pre-Cretaceous.  This  conclusion  is  supported  by  the  occurrence  of 
grains  of  oligoclase-andesine  and  pebbles  of  vein  quartz  in  the  Cre- 
taceous sandstones  and  conglomerates  on  the  Andreafski.  The  feld- 
spar must  have  been  derived  from  a  pre-Cretaceous  medium-silicic 


46  THS  AKVIK'AKDREAFSKI  BEGION,  ALASKA. 

rock,  such  as  a  diorite  or  quartz  diorite,  and  the  vein  quartz  was  de- 
rived from  veins  accompanying  the  intrusive.  Such  quartz  veins 
appear  at  the  bluff  below  Marshall.  They  have  suffered  deformation 
comparable  in  amount  with  that  suffered  by  some  of  the  diorites  and 
granites,  and  it  may  reasonably  be  inferred  that  the  veins  accom- 
panied these  intrusives. 

The  degree  of  metamorphism  and  the  fact  that  some  of  the  Cre- 
taceous sediments  were  derived  from  rocks  of  similar  composition 
therefore  appear  to  justify  the  assumption  that  some  of.  the  soda 
granites  aiid  the  quartz  diorites  are  pre-Cretaceous  in  age  and  may  be 
correlated  with  the  late  Middle  Jurassic  quartz  diorites  in  the 
Talkeetna  Mountains  described  by  Paige  and  Knopf  ^  and  may  repre- 
sent the  great  granodiorite  intrusion  which  occurred  along  the  Pacific 
coast  and  along  the  axis  of  the  Alaska  Range  at  about  that  time.* 

DACITE8  AND  ANDBSrTBS. 

The  later  igneous  rocks  north  of  ^vik  are  basalt,  but  those 
south  and  west  of  this  point  appear  to  be  more  siliceous,  dacite  and 
andesite  dikes,  flows,  and  tuffs  being  found  along  Yukon,  Stuyahok, 
and  Bonasila  rivers.  The  andesites  occur  mainly  as  tuffs  and  flows 
near  the  Yukon  between  Anvik  and  the  mouth  of  the  Koserefski 
and  as  flows  on  the  Bonasila  and  Stuyahok.  In  the  Stuyahok  basin 
dacites  were  found  as  glassy  flows  in  undetermined  associations  with 
andesite.  In  the  sedimentary  area  north  of  Dogfish  village  and  in 
the  vicinity  of  Marshall  numerous  dikes  of  dacite  cut  the  older  rocks. 
Dacite  pebbles  found  on  the  bars  on  Andreafski  Kiver  about  12 
miles  above  its  mouth  indicate  that  intrusives  of  this  type  occur 
also  west  of  the  Marshall  district 

On  account  of  their  close  associations  the  dacites  and  andesites 
in  the  Stuyahok  basin  could  not  be  separately  mapped,  although 
it  is  recognized  that  many  essential  differences  exist  between  these 
rock  types.  Both  are  porphyritic,  but  there  is  a  wide  range  in 
groundmass  texture,  that  of  some  of  the  dacite  flows  being  glassy 
and  that  of  the  dikes  being  distinctly  granular.  Between  these  two 
are  gi*adational  textural  phases.  For  the  most  part  the  andesites 
are  porphyritic,  with  microgranular  groundmass. 

The  andesites  are  dark  gray,  some  of  them  with  a  green  tinge, 
and  many  of  them  can  not  readily  be  distinguished  from  basalts. 
It  is  believed,  however,  that  as  a  rule  they  weather  in  lighter  colors 
than  the  basalts.    A  lighter  gray,  in  places  tinged  with  light  green, 

*  Paige,  Sidney,  and  Knopf,  Adolph,  Geologic  reconnaissance  In  the  Matanuaka  and 
Talkeetna  basins,  Alaska :  U.  S.  Geol.  Survey  Boll.  327,  p.  20,  1907. 

*  Brooks,  A.  H.,  The  geography  and  geology  of  Alaska :  U.  S.  Geol.  Survey  Prot  Paper 
46,  p.  250,  190aw 
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is  characteristic  of  the  dacite  dikes,  and  this  coloring,  with  their  por- 
phyritic  habit,  eidiibiting  numerous  quartz  phenocrysts,  serves  to 
lisdnguish  them  from  other  igneous  rocks  found  in  this  region. 
In  the  dacite  flows  the  colors  are  also  light,  ranging  from  very  pale 
jellow  to  a  light  rusty  brown.  Fresh  surfaces  appear  gray,  locally 
rith  a  greenish  tinge.  Quartz  phenocrysts  are  more  prominent 
in  the  flows  than  in  the  dikes,  especially  on  weathered  surfaces. 

In  mineral  composition  the  dacites  appear  to  be  the  porphyritic 
equivalents  of  the  soda  granites.  The  most  common  feldspar  is 
oligoclase,  but  there  is  a  range  from  albite-oligoclase  to  andesine. 
Pyroxene  phenocrysts  are  prominent  on  freshly  broken  surfaces. 
Under  the  microscope  magnetite  is  usually  found  in  small  grains; 
Biotite  appears  in  a  few  places.  Secondary  alteration  products 
include  epidote,  chlorite,  green  hornblende,  and  calcite,  together  with 
mcite  from  the  alteration  of  feldspars.  Andesine,  augite,  and 
magnetite  are  the  chief  constituents  of  the  andesites  except  that 
^e  contain  also  numerous  grains  of  olivine,  which  show  a  strong 
tendency  to  weather  to  serpentine.  Otherwise  the  secondary  minerals 
ire  the  same  as  those  produced  by  the  weathering  of  the  dacites. 

It  is  not  possible  to  make  definite  statements  as  to  the  age  of 
the  dacites  and  andesites,  which  are  held  to  be  of  the  same  age  as 
the  soda  granites.  There  are,  however,  two  points  of  reference. 
The  dacites  have  cut  the  Cretaceous  rocks,  and  the  andesites  are  cut 
^^y  the  basalt  dikes,  so  that  if,  as  has  been  assumed,  the  dacites  and 
mdesites  are  of  the  same  age,  they  were  formed  sometime  between 
the  end  of  Cretaceous  sedimentation  and  the  extravasation  of  the 
l^lts,  which  probably  occurred  in  late  Tertiary  or  early  Quater- 
nary time. 

Similar  rocks,  to  which  a  Tertiary  age  has  been  assigned,  occur 
in  the  Buby-Kuskokwim  region,^  and  it  is  believed  that  they  repre- 
«nt  a  phase  of  the  Tertiary  igneous  activity  which  prevailed  over 
western  and  southwestern  Alaska  and  are  to  be  correlated  with  the 
andesites  and  dacites  of  the  Anvik-Andreaf ski  region. 

BASALTS. 
DI8TBIBT7TZOV. 

Basaltic  flows  appear  in  the  low  bluffs  near  Russian  Mission  and 
overlie  basaltic  gravels  in  the  still  lower  banks  at  and  above  Ingrum- 
•'art.  The  hills  between  Ingrumhart  and  Engineer  Creek  consist 
of  lava,  and  it  is  probable  that  other  low  hills  between  Engineer  Creek 
^d  Bussian  Mission  are  made  up  of  a  continuation  of  these  same 

^Hertie,  J.  B.,  jr..  and  Harrington,  Q.  L.,  The  Buby-Kuskokwim  region:  U.  S.  GeoL 
^^  BuiL  —  (in  preparation). 
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of  Tertiary  age.  From  these  relatione  the  maximum  age  of  the 
basalts  appears  to  be  late  Cretaceous  or  early  Tertiary.  At  and  be- 
low Sussian  Mission  the  flows  are  nearly  horizontal  (PL  YI,  ^,  p.  23) 
and  undef ormed,  and  their  attitude  indicates  that  they,  as  well  as  the 
dikes  above  Holy  Cross,  have  not  been  influenced  by  the  deforma-« 
tion  that  probably  marked  the  end  of  the  Eocene  epoch.  They 
have  not  been  subjected  to  any  local  warping  and  show  no  faulting 
!.  or  folding. 

Although  it  is  recognized  that  other  explanations  are  possible, 
the  gravels  between  the  flows  above  Ingrumhart  seem  best  accounted 
for  by  the  hypothesis  that  they  represent  beach  gravels  laid  down 
at  a  stage  of  the  Quaternary  inundation  and  subsequently  covered 
by  flows  that  were  poured  out  during  this  stage.  Some  evidence 
as  to  the  character  of  the  flows  is  afforded  by  irregularly  rounded 
weathered  lava  surfaces  at  the  level  of  the  present  i^iver  beach  a 
few  hundred  yards  upstream,  suggesting  the  ellipsoids  produced  by 
submarine  flows.  These  rounded  surfaces  may  have  been  produced 
by  other  agencies,  however,  so  they  afford  no  positive  proof  of  the 
littoral  origin  of  the  flows. 

More  definite  evidence  is  at  hand  regarding  the  minimum  age  of  the 
basalts,  which  in  a  few  localities  are  overlain  by  a  mantle  of  Quater- 
nary silts  and  are  therefore  older  than  the  silts. 

Elsewhere  in  western  Alaska  similar  rocks  are  rather  widely  dis- 
tributed. CoUier's  unpublished  notes  on  the  geology  along  the  Yukon 
contain  many  references  to  basaltic  tuffs,  dikes,  and  flows  between 
Kaltag  and  Holy  Cross.  Smith  and  Eakin  ^  state  that  the  vesicular 
lavas  of  the  Reindeer  Hills  and  Besboro  Island  "  probably  mark  a 
connecting  link  between  the  well-known  volcanic  flows  of  St.  Michael 
on  the  south  and  of  the  Koyuk  Valley  on  the  north."  Moffit  *  de- 
scribes considerable  areas  of  basalts  on  Seward  Peninsula  in  the  val- 
leys of  Kuzitrin,  Noxapaga,  and  Koyuk  rivers.  Some  of  these  flows 
show  very  fresh  ropy  surfaces,  which  have  been  only  slightly  affected 
)y  weathering.  The  age  of  the  youngest  effusives  is  considered  to 
)e  Pleistocene  or  late  Pliocene,  but  that  of  the  older  flows  is  more 
loubtful,  because  the  age  of  the  youngest  sedimentary  rocks,  upon 
vhich  they  rest,  has  not  been  determined. 

It  thus  appears  that  volcanic  activity  extending  over  a  considera- 
le  period  of  time  has  occurred  not  only  in  the  Anvik-Andreafski 
egion  but  in  other  regions  farther  north.  The  evidence  at  hand 
hows  that  some  of  the  eruptions  were  separated  by  considerable 
itervals  of  erosion,  yet  it  seems  unlikely  that  in  any  one  locality 

*  Smith,  P.  Sm  ftnd  Bakln,  H.  M.,  A  geologic  reconnalBsance  In  southeastern  Seward 
^nlnsnla  and  the  Norton  Bay-Nulato  region,  Alaska :  U.  S.  Geol.  Survey  Bull.  449,  p.  72, 
HI. 

*  Moffit,  F.  H.,  The  Falrbaven  gold  placers,  Seward  Peninsula,  Alaska:  U.  8.  QeoL 
inrej  BnU.  247,  pp.  31-35,  1905. 
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volcanic  activity  occurred  ev^  spasmodically  throughout  the  period 
between  the  times  of  extravasation  of  the  oldest  and  youngest  lavas. 
More  probably  in  each  locality  volcanic  activity  was  confined  to  a 
relatively  short  period  and  therefore  was  not  exactly  synchronous 
yirith  the  activity  at  other  centers. 

Criteria  are  lacking  at  most  of  the  localities  to  determine  the  time 
at  which  the  lavas  were  extruded,  and  it  is  only  possible  to  say  that 
although  they  may  have  been  extruded  in  late  Cretaceous,  Tertiary, 
or  Quaternary  time  it  appears  probable  that  most  of  them  are  late 
Tertiary  or  early  Quaternary. 

GEOLOGIC  HISTORY. 

Too  many  facts  are  missing  to  permit  the  writing  of  the  complete 
geologic  history  of  this  region.  Fossils  give  only  a  single  point  of 
reference  upon  which  an  outline  may  be  drawn,  and  all  other  his- 
torical data  must  be  obtained  from  lithologic  relations,  from  the 
structure,  and  from  the  amount  of  metamorphism  of  the  rocks  within 
the  region,  or,  if  these  facts  are  lacking,  by  correlation  with  forma- 
tions outside  the  region.  Nevertheless,  an  attempt  is  here  made  to 
summarize  such  points  as  are  known  or  may  be  surmised  from  the 
studies  that  have  been  made  in  this  and  near-by  parts  of  Alaska. 

PALEOZOIC  TIME. 

Nothing  is  known  of  the  history  of  this  region  prior  to  late  Car- 
boniferous time.  At  that  time  at  least  a  portion  of  the  region  was  a 
land  surface  upon  which  flows  were  poured  out,  while  in  the  near-by 
marine  basins  were  laid  down  deposits  consisting  largely  of  tuffs, 
which  in  places  alternate  with  conglomerates,  sandstones,  and  even 
argillitic  rocks.  These  deposits  afford  an  indication  of  the  changing 
relations  of  land  and  sea  areas  while  sedimentation  was  going  on. 

In  other  portions  of  Alaska  ^  a  crustal  movement  took  place  at  the 
beginning  of  the  Permian  epoch,  and  the  pre-Cretaceous  movement 
in  this  region  may  well  have  occurred  at  the  same  time.  The  result 
of  this  movement  was  a  general  east-west  structural  trend  which  is 
indicated  by  the  general  trend  of  the  greenstone  areas. 

MESOZOIC  AND  EABLY  GEKOZOIG  TIME. 

The  extent  of  the  Permian  orogenic  movements  is  in  doubt,  but  in 
the  absence  of  known  Triassic  or  Jurassic  sediments  it  seems  likelv 
that  they  produced  ranges  of  considerable  elevation. 

Through  early  Mesozoic  time  destructional  processes  were  active. 
Periods  during  which  there  were  extensive  movements,  accompanied 
by  granitic  intrusions,  alternated  with  periods  of  quiescence  in  which 
erosional  agencies  were  active  in  reducing  the  land  surface  to  base- 

^Brooks,  A.  H.,  op.  dt.,  p.  265. 
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level.  Neither  marine  nor  terrestrial  deposits  of  early  Mesozoic  age 
are  known,  so  that  if  such  deposits  were  formed  they  have  been 
d^troyed  by  erosion.  At  the  beginning  of  the  Lower  Cretaceous 
epoch  this  part  of  Alaska  was  a  land  surface  of  moderate  relief, 
across  which  many  broad  valleys  extended  in  a  general  easterly  or 
northeasterly  direction.  In  some  of  these  valleys  in  adjacent  regions 
subsidence  had  occurred  and  marine  sediments  were  being  laid  down. 
Between  the  Lower  and  Upper  Cretaceous  epoch  extensive  diastro- 
phism  occurred,  resulting  in  some  folding  of  the  earlier  sediments 
and  in  the  Anvik-Andreafski  region  in  the  formation  of  depressions 
or  embayments  in  which  sedimentation  took  place.  It  is  inconceiv- 
able that  the  submergence  of  the  lowlands  was  catastrophic,  for  the 
amount  and  texture  of  the  material  contained  in  the  Upper  Cre- 
faceous  sediments  preclude  anything  but  a  near-by  source  for  much 
of  it,  and  the  occurrence  of  ripple  marks,  cross-bedded  sandstones, 
and  fresh  and  brackish  water  fauna,  locally  in  close  association  with 
a  fossil  flora,  indicate  littoral  and  estuarine  conditions  of  deposition 
3Fer  much  of  the  region.  The  almost  universal  occurrence  of  con- 
glomerates along  the  contact  with  older  rocks  is  similarly  indicative 
>f  a  sea  that  slowly  encroached  upon  the  land  area.  Periods  of 
quiescence  or  even  of  slight  emergence  alternated  with  the  periods 
)f  subsidence,  and  thus  were  formed  the  basins  in  which  a  rank 
regetation  flourished  and  was  preserved  to  be  converted  into  beds  of 
oal.  These  conditions  persisted  until  late  Cretaceous  or  early 
Eocene  time.  Sedimentation  was  then  interrupted  by  igneous  ac- 
ivity,  but  the  sediments  of  normal  types  that  are  in  places  inter- 
alated  with  the  basaltic  flows  and  breccias  indicate  that  the  vol- 
anism  was  not  everywhere  continuous.  In  other  places  there  were 
lountain-forming  movements  which  resulted  in  great  deformation 
f  the  Cretaceous  beds  and  superposed  a  second  deformation  and 
ross  folding  upon  the  older  rocks.  With  this  great  diastrophic 
lovement  was  associated  the  intrusion  of  many  dikes  and  larger 
tasses  of  soda  granite  along  lines  of  weakness.  Auriferous  minerali- 
ition  attended  the  intrusion.  Before  the  movements  ceased,  proba- 
ly  in  Eocene^  or  early  Miocene  time,  the  earlier  flows  had  also  been 
ibjected  to  some  deformation. 

QTTATEBNABT  PEBIOB. 

A  rather  complex  series  of  events  marks  the  history  of  the  region 
I  ring  Quaternary  time.  At  the  beginning  of  this  period  the  sur- 
ce  stood  at  a  somewhat  higher  elevation  than  now,  and  the  base- 
rel  of  erosion  was  lower,  so  that  many  of  the  streams  were  able  to 
rve  deeper  valleys  in  bedrock  than  those  they  now  occupy.    It 

^  Brooks,  A.  tL,  op   dt,  p.  266. 
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appears  likely  that  the  stream  systems  had  become  wdl  established 
and  a  fairly  mature  topography  had  been  developed. 

At  some  time  in  this  stage  of  erosion  there  was  an  extravasation  of 
basaltic  lava  which  materially  altered  the  courses  of  some  of  the 
larger  streams,  possibly  including  the  Yukon  itself  or  its  predeces- 
sor. Such  is  the  interpretation  of  the  occurrence  of  flows  between 
Bussian  Mission  and  Ingrumhart. 

That  the  period  of  extrusion  of  the  lavas  was  long  is  made 
manifest  by  the  occurrence  above  Ingrumhart  of  an  alternation  of 
flows  and  of  gravel  beds  in  which  the  pebbles  consist  of  basalt  de- 
rived from  the  flows.  The  gravels  may  be  either  river  borne  or  of 
marine  origin.  If  the  former,  mature  topographic  forms  may  have 
been  developed  at  this  stage ;  if  the  latter,  they  mark  the  beginning 
of  the  succeeding  stage  in  the  cycle  of  events,  when  there  was  a  sub- 
sidence of  the  land  surface  of  at  least  000  feet  and  possibly  much 
more.  It  is  impossible  to  state  how  much  higher  than  its  present 
elevation  the  land  stood  at  the  beginning  of  the  period  of  sub- 
sidence, but  that  at  the  end  of  this  period  the  sea  occupied  a  position 
600  feet  or  more  above  its  present  level  is  clearly  indicated  by  the 
wave-cut  terraces  occurring  at  this  elevation,  and  the  unconsolidated 
deposits  below  it. 

It  is  believed  that  this  inundation  progressed  rather  steadily  and 
that  emergence  from  the  sea  was  almost  equally  continuous.  As  to 
fhe  duration  of  this  period  of  inundation  little  field  evidence  was 
found,  except  in  so  far  as  the  extent  of  the  terraces  then  developed 
is  a  marker  of  the  length  of  time  taken  to  form  them.  These  ter- 
races are  not  extensive  anywhere  along  the  Yukon,  although  traces 
of  them  at  600  feet  appear  more  or  less  clearly  on  almost  every 
ridge  that  rises  above  this  elevation,  and  lower  benches  of  less  ex- 
tent are  occasionally  seen.  On  the  Anvik  below  the  mouth  of  Yellow 
Biver  their  best  development  appears  to  be  between  400  and  5O0 
feet.  On  the  lower  half  of  the  Stuyahok  the  most  conspicuous 
bench  appears  between  300  and  400  feet.  On  both  the  Anvik  and  the 
Stuyahok  the  600-foot  terrace  is  not  so  pronounced,  although  it  may 
be  noted  on  some  ridges.    (See  PI.  I,  in  pocket.) 

To  this  submergence  are  due  the  drowning  of  the  lower  portions 
of  practically  all  the  valleys  and  the  formation  of  the  delta  deposits 
which  are  found  throughout  the  region. 

The  lack  of  corroborative  fossil  evidence  as  to  marine  inundation 
is  to  be  accounted  for  mainly  by  two  facts.  Brackish- water  inverte- 
brates whose  structure  favors  fossilization  are  few  in  number  and, 
like  marine  species,  might  find  difficulty  in  migrating  to  keep  pace 
with  the  inundation.    The  conditions  which  have  prevailed  through- 
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out  most  of  the  deposits  since  emergence  have  tended  to  destroy 
rather  than  to  preserve  evidence  of  animal  life.  Confirmation  of 
the  hypothesis  of  marine  inundation  during  Quaternary  time  is 
therefore  to  be  sought  from  physiographic  details,  rather  than  from 
fossil  evidence. 

Emergence  after  this  inundation  probably  took  place  very  slowly, 
although  it  went  on  at  a  fairly  uniform  rate,  for  few  terraces  remain 
to  mark  stages  at  which  there  may  have  been  a  long-continued  cessa- 
tion of  movement.  During  the  period  of  emergence  there  was  more 
or  I^B  reworking  of  the  unconsolidated  sediments  above  and  along 
the  strand  line,  and  the  finer  material  was  carried  to  successively 
lower  levels.  The  depressions  formerly  occupied  by  the  streams  were 
thus  gradually  filled  with  silts  and  fine  sands,  while  the  higher 
portions  of  the  former  land  surface  were  again  exposed. 

During  the  later  part  of  the  Quaternary  period  there  has  been 
little  if  any  relative  change  of  level.  The  most  important  geologic 
event  of  which  evidence  is  afforded  by  the  present  topographic  forms 
is  stream  adjustment  to  the  new  base-level  of  erosion,  through  the 
removal  and  redeposition  of  the  earlier  Quaternary  sediments. 

Some  of  the  details  of  adjustment  are  worthy  of  note,  as  they 
may  throw  light  on  the  form  of  possible  placers  in  the  larger 
streams.  Keeping  pace  with  the  reelevation  of  the  land  surface 
to  approximately  its  present  position,  the  larger  streams  rapidly 
cut  channels  in  the  unconsolidated  silts  and  fine  sand  in  adjust- 
ment to  the  new  base-level  of  erosion.  This  base-level  was  then  prob- 
ably considerably  lower  than  at  present,  for  the  Yukon,  like  other 
large  rivers,  tends  to  aggrade  in  its  lower  course  and  has  raised  its 
own  base-level  of  erosion  and  that  of  its  tributaries.  The  tribu- 
taries in  turn  have  filled  in  their  channels  in  adjustment  to  the  grad- 
ually rising  base-level. 

Where  the  streams  flowed  through  unconsolidated  material  the 
gradients  were  low,  but  in  their  headward  portions^  above  the  level 
of  inundation,  gradients  had  been  established  in  bedrock  in  adjust- 
ment to  a  lower  base-level  before  inundation  and  were  accordingly 
much  steeper.  In  consequence  there  was  a  distinct  change  in  grade 
where  the  streams  left  their  bedrock  courses  and  flowed  across  the 
silts.  Erosion  has  tended  and  is  tending  to  restore  normal  grades 
throughout  their  courses,  but  there  still  appear  to  be  some  streams 
in  which  complete  adjustment  has  not  yet  been  reached.  In  their 
lower  courses  erosion  consists  of  a  minor  amount  of  lateral  cutting 
of  the  high  silt  banks  and  the  migration  of  meanders.  In  their 
upper  reaches,  where  erosion  is  most  active,  the  elevation  of  base- 
level  has  probably  caused  no  difference  in  the  type  of  cutting  going 
on,  although  the  amount  has  been  decreased. 
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A  great  change,  however,  has  taken  place  at  the  points  where  the 
streams  left  bedrock  to  flow  in  channels  in  the  silts.  Because  of  the 
change  of  grade  at  these  points  gravels  were  deposited  there,  de- 
creasing the  grade  above  but  increasing  it  below  and  permitting  the 
transfer  of  gravels  farther  and  farther  downstream.  In  this  way 
there  have  been  built  up  within  the  silts  gravel-bottomed  channels 
over  which  the  streams  now  flow. 

Many  factors  have  entered  into  the  location  of  the  present  course 
of  the  Yukon.  A  striking  feature  is  the  lack  of  hills  on  the  left 
bank,  and  their  presence,  except  where  tributaries  enter,  on  the  right 
bank.  This  feature  has  been  noticed  on  many  northern  rivers  and  is 
explained  by  Eakin^  as  being  due  to  deflection  to  the  right  caused 
by  the  earth's  rotation.  As  the  Yukon  is  an  aggrading  stream,  its 
channel  is  constantly  changing,  and  it  swings  back  and  forth  across 
its  flood  plain,  but  nevertheless  the  erosion  on  the  right  bank  is 
distinctly  apparent  and  appears  to  control  the  course  of  the  river. 
Many  channel  changes  have  occurred  in  the  last  20  years.  Poltes 
Slough  has  been  used  as  the  steamboat  channel  for  only  a  few  years, 
and  only  in  the  last  year  or  two  have  some  of  the  large  boats  used 
Cross  Slough  instead  of  the  channel  around  the  Devils  Elbow.  Other 
changes  have  occurred  near  Holy  Cross  and  elsewhere.  At  the  site 
of  old  Anvik,  1*  miles  above  Anvik,  there  is  a  distance  of  about  125 
feet  between  Yukon  and  Anvik  rivers,  and  this  distance  is  con- 
stantly decreasing,  as  both  rivers  are  now  cutting  at  this  point.  In 
1916  the  cutting  amounted  to  nearly  20  feet,  so  that  apparently  the 
remaining  narrow  neck  will  be  cut  through  in  a  comparatively  short 
time  and  the  mouth  of  the  Anvik  will  be  at  this  point  rather  than 
at  Anvik.  At  Holy  Cross  also  the  amount  of  cutting  may  be  di- 
rectly measured.  In  1916  it  is  said  to  have  been  30  feet,  and  in 
previous  years  it  had  been  as  much  or  more,  necessitating  the  mov- 
ing of  many  of  the  buildings  that  were  near  the  water  front  On 
the  other  hand,  deposition  appears  to  be  going  on  at  Bussian  Mis- 
sion, although  it  lies  just  below  one  of  the  narrowest  stretches  of 
the  river. 

One  of  the  peculiar  erosion  features  seen  along  the  Yukon  is  the 
occurrence  of  numerous  small  semicircular  embayments  in  the  shore 
lines,  in  which  trees  still  stand  but  are  partly  submerged.  This  is 
well  illustrated  in  Plate  V,  A  (p.  22)  ;  only  the  tops  of  the  trees  in  the 
center  are  visible,  and  those  on  either  side  are  toppling  into  the  water. 
Below  Holy  Cross  these  embayments  are  especially  numerous.  They 
range  in  radius  from  a  few  feet  up  to  about  100  feet.  They  have 
probably  been  formed  by  the  undercutting  of  eddies  at  stages  of  high 

sBakln,   H.   M..  The  Influenco  of  the  earth^s  rotation  upon   the  lateral  erosioo  ti 
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water  in  the  spring.  Koots  and  frost  prevent  erosion  at  the  surface 
but  do  not  prevent  undermining,  and  as  the  water  subsides  the  entire 
nndermined  area  drops  and  is  partly  submerged.  Each  of  these  areas 
is  comparatively  small,  but  in  the  aggregate  the  amount  must  be  large 
and  represents  a  mode  of  stream  erosion  which  must  be  considered. 

At  elevations  above  the  direct  influence  of  stream  erosion  other 
processes  have  been  active.    Weathering  is  hastened  by  the  comminu- 
tion produced  by  great  variations  in  temperature  and  by  the  ex- 
tremely effective  work  of  frost.    The  transporting  agent  that  carries 
most  of  the  material  produced  in  this  way  to  the  lower  levels,  where 
it  is  reworked  by  the  streams,  is  solifluction  rather  than  running 
water,  as  in  warmer  climates.     Solifluction  on  sloping  surfaces  is 
accomplished  by  the  heave  and  thrust  of  frost  and  by  gravity,  result- 
ing in  the  characteristic  hillside  forms  that  show  lobate  waves  and 
from  a  distance  have  the  appearance  of  flows  of  some  extremely  vis- 
cous substance.    For  the  most  part  these  lobate  forms  are  character- 
istic where  the  rock  detritus  is  fairly  fine.    Where  the  frost-riven 
rock  breaks  into  large  angular  boulders,  solifluction  produces  distinct 
topographic  forms  called  altiplanation  terraces  by  Eakin,^  who  has 
described  the  processes  by  which  they  originate.     They  resemble 
wave-cut  terraces  in  outline  (see  PL  V,  £),  and  may  not  be  readily 
distinguished  from  such  terraces  at  a  distance,  but  careful  mapping 
(PI.  I)  reveals  the  fact  that  terraces  on  adjacent  ridges  are  not  at  the 
same  elevations  and  are  separated  by  different  intervals.    FurtKer- 
more,  nlany  of  them  have  the  appearance  of  having  been  tilted,  and  a 
terrace  may  be  tilted  in  the  opposite  direction  to  one  below  it,  thus 
precluding  the  hypothesis  that  they  are  wave  cut    A  lack  of  water- 
worn  pebbles  on  the  terraces  also  supports  the  inference  that  they 
originated  in  some  way  other  than  by  water  action. 

These  terraces  are  very  conspicuous  in  most  of  the  areas  of  igneous 
rocks  and  in  some  areas  of  the  sedimentary  rocks.  Their  formation 
appears  to  be  favored  by  certain  conditions  of  vegetal  growth,  for  so 
far  as  known  they  do  not  appear  below  timber  line,  although,  as  in 
the  vicinity  of  Marshall,  they  extend  down  very  close  to  it.  Solifluc- 
tion processes  may  have  acted  upon  land  forms  resulting  from  inun- 
dation, which,  it  has  been  assumed,  extended  to  an  elevation  of  about 
6O0  feet  above  present  sea  level,  but  no  clear  evidence  of  this  is  at 
band. 

The  present  topographic  forms  are  the  resultant  of  all  the  forces 
which  have  been  at  work  to  carve  them,  and  it  is  largely  through 
these  forms  that  the  Quaternary  history  of  the  region  has  been  inter- 
preted. Each  force  has  acted  and  is  acting  to  produce  definite  forms, 
but  such  forms  have  been  modified  by  many  other  forces,  and  the 
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present  configuration  of  the  land  surface  has  been  produced  by  ^ 
agencies  which  have  been  described.  Erosion  has  been  the  dominant 
factor,  and  the  effects  of  sedimentation  are  only  locaL 

MINERAL!  RESOURCES. 

HISTOBY  OF  MINING  DEVELOPMENT. 

On  the  discovery  of  gold  at  Dawson  and  at  Nome  there  was 
influx  of  prospectors,  who  left  few  of  the  readily  accessible  c 
anywhere  in  Alaska  unprospected.    Yukon  River  was  the  main  hi^ 
way  for  these  men  from  one  camp  to  another  and  from  the  upper 
river  points  to 'St.  Michael  and  Nome.    The  Anvik  portage  gave  if 
shorter  route  to  St.  Michael  than  the  Yukon  and  was  followed  by 
some.    Naturally  enough,  too,  the  bars  on  the  Anvik  were  panned. 
Colors  of  gold  were  found  but  apparently  never  in  sufficient  quan-i; 
tity  to  warrant  mining,  and  the  prospectors  sought  other  localities  j 
to  work.    Almost  every  year,  however,  there  has  been  some  one  pros*  '-■ 
pecting  on  the  Anvik,  the  Andreafski,  and  streams  between  the»^ 
rivers.    In  part  the  prospectors  were  men  who  devoted  most  of  their^' 
time  to  trapping,  but  others  had  a  grubstake  sufficient  to  permit  them 
to  devote  their  entire  attention  to  the  search  for  gold.    As  a  result  of,ij 
their  work  gold  has  been  found  in  several  places.     On  the  Anvik  ■ 
there  are  said  to  be  deposits  along  bars  containing  gold  in  paying  ^ 
quantities,  but  up  to  1916  no  effort  has  been  made  to  mine  it.    Gold 
colors  are  said  to  be  obtainable  in  panning  on  Stuyahok,  Kako. 
Kuyukutuk,  and  Andreafski  rivers  and  Mountain  Creek,  as  well  as 
on  some  of  the  small  creeks  emptying  into  the  Yukon  near  Tuckers 
Point.    No  mining  has  been  done  on  these  streams. 

The  outcrop  of  metamorphic  rock  on  Poltes  Slough,  at  the  present 
town  of  Marshall,  was  noticed  by  some  of  the  early  traders  and  pros- 
pectors on  the  Yukon,  and  some  desultory  prospecting  was  done  on 
Wilson  Creek  and  on  streams  flowing  into  the  Kuyukutuk.  It  was 
not  until  July  15,  1913,  however,  that  gold  was  discovered  oh  Wilson 
Creek  by  E.  L.  Mack  and  Joe  Mills.  Claims  were  staked  by  these 
men,  and  a  few  days  later  others  were  located  by  Andrew  Edgar  and 
A.  C.  Rohde.  A  stampede  followed,  and  Wilson  Creek  and  its  tribu- 
taries were  (juicldy  covered  with  claim  Iccaiions.  Late  comers  were 
forced  to  cross  the  divide  and  located  claims  on  Willow  Creek  and 
other  tributaries  of  Spruce  Creek. 

The  claims  had  to  be  recorded  at  St.  Michael,  so  that  many  of 
them  were  unrecorded  and  title  to  them  was  lost.  On  October  25, 
1913,  a  miners'  meeting  was  held  and  G.  M.  Pilcher  was  elected  local 
recorder,  but  until  the  Wade  Hampton  mining  precinct  was  estab- 
lished, with  die  recorder's  office  at  Marshall,  it  appeared  advisable 


to  many  to  make  their  titles  secure  by  recording  both  with  the  local 
recorder  and  at  St.  Michael. 

Assessment  work  for  1913  was  not  done  on  many  of  the  claims 
lying  outside  of  the  Wilson  Creek  valley,  and  title  to  them  was  lost. 
Prospecting  during  the  winter  of  1913  and  mining  operations  early 
in  1914  gave  proof  of  the  presence  of  gold  in  paying  amounts  on 
Wilson  Greek.  This  stimulated  prospecting  on  other  streams  near 
by  and  led  to  the  discovery  of  gold  on  Willow  Creek  by  W.  C. 
Blanker,  Ben  Blanker,  and  Robert  Barr.  Discovery  claim,  the 
Bumblebee  (corresponding  to  "No.  1  below''),  and  "No.  2  below" 
were  staked  June  17,  1914.  Assessment  work  and  some  prospecting 
was  done  on  these  and  other  claims  on  Willow  Creek,  but  no  gold 
was  obtained  from  them  in  1914. 

The  shortness  of  Willow  Creek  made  it  at  once  apparent  that  the 
source  of  gold  in  the  placers  was  not  far  distant.  Vein  quartz 
carrying  free  gold  was  found  in  the  talus  on  the  east  slope  of  the 
valley  about  even  with  claims  Nos.  5  and  6  above  Discovery,  and 
the  veins  from  which  this  talus  came  were  staked  as  lode  claims  by 
Thomas  Plunkett  August  8,  1914. 

The  first  production  of  placer  gold  was  made  in  1914,  when  about 
$15,000  was  obtained  from  two  properties  on  Wilson  and  Disappoint- 
ment creeks.  In  1915  the  output  was  about  $25,000,  mostly  from 
two  claims  on  these  creeks,  but  the  list  of  producers  also  includes 
four  claims  on  Willow.  A  small  sample  shipment  of  ore  was  also 
made  frcnn  the  lode  claims  on  Willow  Creek.  In  1916  the  gold 
production  was  $270,000  from  two  claims  in  the  Wilson  Creek 
basin  and  from  seven  claims  on  Willow  Creek.  Preliminary  esti- 
mates give  the  production  in  1917  as  $425,000,  practically  all  from 
six  claims  on  Willow  Creek. 

The  boundaries  of  the  Wade  Hampton  mining  precinct  are  defined 
as  beginning  at  a  point  on  Bering  Sea  between  Pastol  Bay  and 
Yukon  River  and  following  the  height  of 'land,  which  separates 
Yukon  River  and  Bering  Sea  drainage,  to  the  one  hundred  and  sixty- 
Krst  meridian,  thence  south  to  a  point  within  5  miles  of  the  Kus- 
kokwim,  thence  paralleling  the  Kuskokwim  at  a  distance  of  5  miles 
from  it  to  the  sixtieth  degree  of  north  latitude,  thence  following  this 
parallel  to  Bering  Sea,  thence  along  the  coast  of  Bering  Sea,  includ- 
ing the  adjacent  islands,  back  to  the  point  of  beginning. 

ECONOMIC  FACTOBS  APFECTING  MININa. 

Timber  is  fairly  plentiful  for  such  mining  operations  as  have  been 
inducted.  On  Elephant  and  Disappointment  creeks  fuel  could  be 
procured  for  a  time  from  the  bottoms  of  the  valleys  along  these 
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streams.  Extensive  operations^  using  steam  power,  would  necesstate 
hauling  wood  from  the  vaUey  of  Wilson  Creek.  Alders  are  the  only 
trees  found  on  Willow  Creek  above  claim  No.  2  below  Discovery,  and 
consequently  all  the  fuel  used  for  producing  power  is  obtained  from 
the  gentle  foot  slope  between  Spruce  Creek  and  the  hills.  This  wood 
costs  $5  a  cord  to  cut,  and  by  the  time  it  is  laid  down  at  the  mine 
plant  ready  to  use  there  is  an  additional  charge  of  $5  to  $7  for  labor 
and  hauling. 

Wages  are  about  the  same  in  this  region  as  at  other  interior  Alaska 
points.  Miners  were  paid  $5  a  day  and  board  in  1916,  but  in  1917 
this  was  increased  to  $6  and  board ;  hoistmen,  blacksmiths,  and  cooks 
receive  $7  and  board.  Two  shifts  of  eight  hours  are  employed  by 
the  larger  plants,  but  the  smaller  plants  work  only  one  shift.  In 
1916  employment  was  given  to  everyone  who  wished  to  work  when 
there  was  a  full  sluicehead  of  water.  Natives  are  employed  around 
the  camp  but  do  no  mining.    They  are  paid  $2  to  $3  a  day. 

The  camp  on  Willow  Creek  is  very  accessible.  About  3  miles  from 
the  camp,  Spruce  Creek  flows  into  a  small  lake,  which  empties 
through  a  slough  into  the  Yukon  and  rises  and  falls  with  that 
stream.  Supplies  may  be  brought  to  the  landing  on  the  lake  by 
gasoline  boats  or  in  scows,  and  one  of  the  smaller  steamboats  also 
brought  a  barge  load  of  lumber* up  to  the  lake.  The  freight  rate 
from  Marshall  to  the  landing,  about  8  miles  by  boat,  is  $15  a  toiL 
From  the  landing  the  rate  in  1916  was  $30  a  ton  to  the  lower  claims 
on  the  creek  and  $40  a  ton  to  points  as  far  up  as  ^  No.  5  above.''  The 
winter  rate  is  probably  much  lower.  The  rate  on  general  merchan- 
dise from  Seattle  to  Marshall,  by  way  of  St.  Michael,  was  $45.50 « 
ton. 

In  1916,  on  account  of  traffic  conditions,  there  was  a  scarcity  of 
some  commodities  at  Marshall.  The  following  prices  were  paid  for 
staples  on  the  creek : 

Flour ' per  hundredweight.-  $10. 00 

Bacon per  pound—        .37 

Coffee -.--do .  75 

Tea do 1. 00 

Beans do .12 

Rice do .  121 

Sugar do .  13J 

Butter do .  671 

Reindeer  meat do .25-.  30 

Beef do .  45-.  50 

Potatoes do .  071 

Lumber  was  difficult  to  obtain  until  a  barge  load  was  brought  dowa 
from  Ruby.    This  sold  at  $80  a  thousand  at  the  lake. 


.* 
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OOIiD  PLAGBBS. 
WILSON  GRISEK. 

Until  the  summer  of  1916  most  of  the  mining  in  the  vicinity  of 
Marshall  had  been  done  on  Wilson  Creek  and  its  tributaries.  In  the 
spring  of  1916  a  small  drnnp  was  taken  out  on  Elephant  Creek,  and 
early  in  the  summer  considerable  ground  was  worked  at  the  mouth 
of  Disappointment  Creek.  At  the  time  of  the  writer's  visit,  about 
the  middle  of  August,  there  was  no  one  working  in  the  Wilson  Creek 
basin. 

Mining  had  been  done  by  underground  methods  on  claim  '^  No.  5 
above"  on  Elephant  Creek,  although  the  ground  is  comparatively 
shallow.  It  is  understood  that  a  hydraulic  plant  is  to  be  installed, 
the  water  to  be  obtained  from  the  headwaters  of  this  stream.  The 
ground  on  claims  above  and  below  No.  5  will  be  stripped  and  mined 
by  hydraulic  methods. 

The  workings  on  Wilson  and  Disappointment  creeks  have  been 
confined  to  about  two  claims  at  the  mouth  of  the  latter,  over  a  maxi- 
mum width  of  about  300  feet.  The  gravels  containing  gold  in  quan- 
tities sufficient  to  justify  mining  appear  to  have  been  irregularly  dis- 
tributed, as  work  was  done  at  several  spots  separated  by  unworked 
ground.  Open-cut  methods  were  employed.  These  deposits  are  ap- 
parently not  over  10  or  12  feet  deep  to  bedrock.  The  upper  portion  is 
composed  of  2  to  3  feet  of  soil  and  vegetable  matter,  and  this  with 
some  of  the  underlying  gravel  was  stripped  off  by  groundsluicing. 
The  lower  stratum  of  gravel  containing  the  gold  was  shoveled  into 
sluice  boxes.  It  is  said  that  holes  sunk  at  the  mouth  of  Disappoint- 
ment Creek  failed  to  reach  bedrock  at  a  depth  of  35  feet  They  were 
then  abandoned  on  account  of  water  coming  in.  No  mining  has  been 
done  in  the  deeper  gravels  of  Wilson  Creek  itself. 

The  principal  mineral  found  in  the  concentrates  is  hematite,  prob- 
ably coming  from  a  band  farther  up  the  creek,  which  is  believed  to 
be  the  weathered  outcrop  of  a  pyritized  sedimentary  bed.  In  addi- 
tion a  small  amount  of  magnetite  occurs  in  the  octahedral  form 
characteristic  of  this  mineral.  A  specimen  of  a  few  grains  of  a  white 
metal  from  the  creek  sent  to  the  Survey  for  determination  was  f oimd 
to  be  platinum. 

The  bedrock  is  of  sedimentary  origin.  It  was  not  seen  in  the 
creek  bed,  but  slates  and  conglomerates,  together  with  fine  grits, 
appear  along  the  south  bank  of  Wilson  Creek  just  above  Disappoint- 
ment Creek,  and  these  rocks,  together  with  some  dark-gray  cherts, 
make  up  most  of  the  gravels.  Some  pebbles  are  derived  from  dikes' 
that  cut  the  sedimentary  rocks  and  form  the  igneous  rocks  at  the 
head  of  the  creek.      The  gravels  are  mostly  small  and  well-rounded 
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pebbles,  8  inches  being  about  the  average  diameter  of  the  largest 
cobbles  seen.  The  finer  material  of  the  gravels  is  partly  ferruginous, 
and,  although  it  disintegrates  readily  in  the  sluice  boxes,  on  expo- 
sure to  the  air  it  hardens  and  cements  the  larger  pebbles  into  a  con- 
glomerate. 

WILLOW    CIKKKK. 

Willow  Creek  heads  against  Disappointment  Creek,  and  the  divide 
is  about  700  or  800  feet  in  elevation  above  the  claims  on  which  most 
of  the  mining  has  been  done.  Mining  has  been  confined  to  the  west 
fork  of  the  creek  and  to  the  claims  from  No.  2  below  to  No.  5  above 
Discovery ;  the  latter  claim  covers  some  ground  on  the  western  branch 
of  the  small  forks  near  the  head  of  this  stream.  Some  prospecting 
has  been  done  on  ^^  No.  6  above ''  and  on  other  claims  below  '^  No.  2 
below,"  but  in  1916  development  had  not  progressed  sufficiently  to 
warrant  the  undertaking  of  mining  operations.  Prospecting  on 
claims  below  *^  No.  2  below  "  during  the  spring  and  summer  of  1917 
is  said  to  have  resulted  in  the  discovery  of  deposits  rich  enough  to 
work. 

Two  small  plants  were  operating  on  ^  No.  6  above,"  the  material 
being  shoveled  into  sluice  boxe&  Prospecting  was  being  done  on  Nos. 
8  and  4  above  Discovery,  and  some  mining  was  done  on  these  claims 
in  1917.  Power  plants  were  working  on  "  No.  2  above,"  the  upper 
half  of  "  No.  1  above,"  and  the  upper  half  of  Discovery.  On  Nos.  1 
and  2  above  Discovery  the  auriferous  gravel  is  wheeled  in  barrows  to 
a  bucket  and  then  hoisted  to  lines  of  sluice  boxes  on  the  hillside.  A 
portion  of  the  stripping  is  done  in  the  same  way,  but  some  of  the  over- 
burden is  removed  by  sluicing. 

The  plant  operating  on  the  upper  half  of  Discovery  in  1916  worked 
the  lower  half  of  ^^  No.  1  above  "  in  1917.  As  these  claims  lie  below 
that  portion  of  the  valley  that  has  steep  walls  (PI.  VII,  i?),  the 
line  of  sluice  boxes  was  mounted  on  trestles  to  provide  the  necessary 
grade  and  dump  room  for  tailings.  A  novel  feature  at  this  property 
is  that  both  stripping  and  hoisting  are  done  by  a  slack-line  scraper, 
which  is  a  modification  of  the  drag-line  scraper  used  in  other  Alaskan 
mining  districts.  The  bucket  has  a  capacity  of  a  yard  and  a  half. 
On  account  of  the  large  size  and  angularity  of  the  boulders  and 
the  extremely  uneven  and  blocky  character  of  the  bedrock,  some  diffi- 
culties have  been  experienced  with  this  equipment  It  appears  likely 
that  the  bedrock  will  have  to  be  cleaned  by  hand,  as  it  is  on  other 
properties.  The  conditions  of  operation  on  Willow  Creek  for  a 
scraper  of  this  type  are  probably  as  difficidt  as  will  be  found  any- 
where else,  and  its  successful  operation  here  would  warrant  an  is- 
vestigation  into  the  possibilities  of  its  economical  use  at  other  Alaskan 
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cunps.  The  rounded  and  smaller  gravels  on  Disappointment  Creek 
appear  to  offer  more  favorable  conditions  for  such  a  scraper  than  is 
afforded  by  any  of  the  phu^er  ground  on  Willow  Creek. 

During  1915  the  most  extensive  mining  operations  on  Willow  Creek 
were  on  the  lower  half  of  Discovery  claim.  Operations  were  con- 
tinued in  1916,  and  one  shift  of  men  was  employed  shoveling  into  the 
sluice  boxes.  The  sluice-box  arrangement  differs  from  that  on  other 
properties,  and  a  greater  effort  is  made  to  save  the  fine  gold.  The 
upper  four  boxes  into  which  the  gravel  is  shoveled  have  false  bottoms, 
in  which  are  2-inch  holes,  spaced  4  to  6  inches  on  centers.  Below 
this  in  the  line  is  a  box  containing  Hungarian  riffles,  with  a  6-inch 
drop  to  a  mud  box.  The  mud  box,  like  the  three  sluice-box  lengths 
that  follow  it,  has  pole  riffles  of  the  usual  type.  At  the  other  prop- 
erties on  the  creek  all  the  sluice  boxes  carry  pole  riffles,  made  either 
of  local  spruce  poles  or,  when  it  is  obtainable,  of  sawed  2  by  2  inch 
lumber.  The  lumber  riffles  are  generally  faced  with  2-inch  strap 
iron. 

Mining  was  done  on  the  upper  end  of  the  Bumblebee  claim  early 
in  the  summer  of  1916,  and  a  small  area  of  ground  was  worked  out. 
Operations  were  then  shifted  to  the  claim  below,  and  preparations 
were  made  for  more  extensive  mining.  A  sluiceway  had  been  exca- 
vated 8  or  10  feet  to  bedrock,  and  boxes  were  being  put  in  on  August 
27,  when  the  writer  left  the  creek.  The  contemplated  operations 
included  the  sluicing  of  both  the  overburden  and  the  auriferous 
gravels  from  ^  No.  2  below ''  through  this  line  of  boxes. 

On  account  of  the  small  drainage  basin  of  the  creek,  the  water 
supply  for  the  claims  lying  above  Discovery  is  likely  to  be  somewhat 
scanty  unless  there  are  frequent  rains.  By  the  time  it  reaches  Dis- 
covery claim  even  this  scanty  supply  has  been  somewhat  lessened. 
The  operators  on  Discovery  have  diverted  the  water  from  the  East 
Fork  of  Willow  Creek,  and  so  increased  the  amount  available  for 
this  claim  and  those  below  it.  A  ditch  from  Slope  Creek  was  con- 
structed late  in  the  summer  to  furnish  an  additional  supply  for  the 
mining  operations  on  "  No.  2  below." 

Discovery  claim  lies  about  opposite  the  front  of  the  range  of  hills, 
which  marks  a  distinct  change  in  the  topography.  Below  Discovery 
claim  there  is  a  wide,  coalescing  apron  which  slopes  gently  down  to 
Spruce  Creek  and  the  Yukon,  as  illustrated  in  Plate  VII,  B.  Above 
this  topographic  break  Willow  Creek  has  a  V-shaped  valley  with 
walls  of  fairly  steep  slope ;  below  it  the  stream  has  intrenched  ftself 
but  little  in  the  frontal  apron,  across  which  it  flows  at  a  gradient 
lower  than  where  it  is  confined  within  the  valley.  There  appears  to 
be  a  suggestion  of  a  beach  line  between  elevations  of  500  and  600  feet 
(see  PL  II,  in  pocket) ,  and  the  change  in  the  topography  occurs  at 
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about  500  feet  or  somewhat  lower.  This  topographic  break  may 
mark  the  position  of  a  beach,  and  some  evidence  has  been  found  near 
Marshall  to  confirm  the  suggestion  of  the  topographic  form.  Frag- 
ments of  shells  are  reported  to  have  been  found  in  1917  in  prospect 
holes  at  an  elevation  of  about  450  feet  on  claims  on  lower  Willow 
Creek.  The  widening  and  somewhat  irregular  distribution  of  the 
auriferous  gravels  below  Discovery  may  be  due  in  part  to  beach  con- 
centratioa  and  in  part  to  changes  in  the  channel  of  the  stream  before 
it  had  become  intrenched  in  its  present  course. 

The  depth  to  bedrock  ranges  from  about  6  to  16  feet  On  ^  No.  1 
above  '*  it  is  from  12  to  16  feet.  The  upper  half  of  the  deposit  con- 
sists of  soil  and  angular  rock  fragments  with  comparatively  little 
rounded  gravel.  This  is  stripped  off  before  mining  the  lower  layers. 
Gk>ld  is  found  both  above  and  below  a  clay  seam  lying  about  2  feet 
from  bedrock,  and  some  of  the  coarsest  gold  occurs  above  this  seam. 
The  bedrock  is  extremely  rough  and  blocky,  and  just  above  it  there 
are  a  considerable  number  of  large  angular  boulders,  part  of  which  are 
talus  boulders  from  the  valley  slopes  and-  part  represent  frost-heaved 
material  from  the  greenstone  bedrock.  On  the  lower  claims  there  ap- 
pear to  be  more  rounded  gravels,  but  the  bedrock  is  similar  in  charac- 
ter to  that  on  the  upper  portion  of  the  creek. 

The  gold  is  somewhat  rough,  and  some  of  it  appears  rather  porous. 
Over  half  of  it  is  coarser  than  will  pass  through  an  8-mesh  screen. 
Nuggets  valued  at  $5  to  $10  are  not  unconunon  in  the  clean-ups,  but 
few  worth  over  $20  are  found.  The  very  fine  gold  saved  constitutes 
only  a  very  small  percentage  of  the  clean-ups.  It  is  believed  that  the 
installation  of  devices  for  saving  the  fine  gold  would  be  warranted,  as 
some  of  the  fine  gold  already  saved  is  flaky  and  light,  and  it  is  quite 
possible  that  a  greater  proportion  of  this  light  gold  goes  through 
the  boxes  than  is  saved  in  them.  Few  assays  of  the  Willow  Creek 
gold  are  available.  One  of  these  is  said  to  have  given  a  value  of 
$18.30  an  ounce.    The  gold  passes  current  at  $17  an  ounce. 

Magnetite  is  one  of  the  most  conmion  minerals  associated  with  the 
gold  in  the  clean-ups.  Ilmenite  occurs  in  small  amounts.  Although 
pyrite  may  be  seen  here  and  there  in  the  greenstone  near  the  head  of 
the  creek,  little  or  none  is  found  in  the  concentrates,  oxidation  hav- 
ing converted  it  to  hematite.  Shot  is  frequently  found  in  the  heavy 
sands  resulting  from  the  dean-up.  A  few  grains  of  platinum  are 
also  said  to  occur  in  the  concentratesi 

OTHER  STREAMS. 

Anvik  Biver  and  its  tributaries  have  been  prospected  ever  since 
1900,  and  possibly  even  before  that  time.  Gold  has  been  found  on 
the  bars  at  numerous  localities,  but  never  in  sufficient  amount  to  jus- 


MINERAL  BESOXJRGES.  68 

tify  mining  operations.  It  is  reported,  however,  that  in  the  winter 
of  1916-17  two  men  were  prospecting  on  this  stream  and  found  work- 
able placers,  upon  which  work  was  being  done  in  the  summer  of 
1917.  Platinum  in  considerable  amount  is  said  to  occur  in  association 
with  the  gold  and  is  mined  with  it. 

Practically  all  the  other  li^rge  streams  accessible  by  a  poling  boat  or 
canoe  have  also  been  prospected,  but  up  to  the  present  time  no  com- 
mercial placers  have  been  di^overed  on  thenu 

GOIJ>  LODES. 

The  hills  in  the  vicinity  of  Marshall  have  been  prospected  to  find 
the  lodes  from  which  the  placer  gold  has  been  derived.  A  nuniber 
of  lode  claims  have  been  staked  in  the  Kuyukutuk  basin,  on  the  north 
side  of  the  ridge  extending  eastward  from  Pilcher  Mountain.  Little 
development  work  is  reported  as  having  been  done  on  these  claims, 
and  they  were  not  visited.  Free-milling  gold  is  reported  from  quartz 
veins  near  the  head  of  Edgar  Creek,  and  claims  have  been  staked 
there.  A  number  of.  quartz  veins  were  seen  along  the  crest  of  the 
divide  between  Wilson  and  Spruce  creeks.  Claims  have  been  staked 
to  cover  most  of  these  veins,  but  no  evidence  was  seen  of  work  having 
been  done  upon  any  of  them  except  on  the  east  side  of  Willow  Creek 
near  its  head. 

The  group  of  claims  on  the  east  side  of  Willow  Creek,  known  as 
the  Arnold  lode,  was  staked  August  8,  1914,  by  Thomas  Plunkett. 
The  development  work  consists  entirely  of  open  cuts  made  with  a  view 
to  determining  the  size  and  continuity  of  the  veins,  of  which  a  num- 
ber are  exposed.  One  of  the  lower  veins  has  been  traced  along  its 
strike  for  over  100  feet  by  a  series  of  trenches,  2  to  6  feet  deep, 
through  the  talus  and  slide  of  the  hillside.  The  vein  is  from  6 
mches  to  a  foot  in  width  and  shows  free  gold  in  places.  Farther 
Dp  on  the  slope  a  cut  has  been  dug  about  30  feet  into  the  hill,  so  that 
there  is  exposed  a  face  12  or  15  feet  in  height  and  3  to  6  feet  wide. 
In  this  face  appears  a  quartz  vein  ranging  in  width  from  4  to  8 
inches.  The  minerals  in  the  vein  include  calcite,  pyrite,  galena, 
nolybdenite,  and  free  gold.  In  places  the  pyrite  has  oxidized,  and 
ihe  quartz  is  stained  with  iron  oxides.  The  vein  shows  numerous 
cavities  formed  by  the  removal  of  pyrite  and  calcite.  In  some  of 
hese  cavities  small  glassy  quartz  crystals  may  be  seen,  together  with 
in  occasional  rosette  of  calcite  crystals.  Some  of  the  dirt  from  the 
)ottom  of  the  open  cut  was  panned.  In  addition  to  the  vein  minerals 
nentioned  above,  the  concentrates  from  panning  included  small 
imounts  of  wulfenite,  the  yellow  to  orange-colored  molybdate  of 
ead,  and  anglesite,  the  white  sulphate  of  lead.  Magnetite  and  the 
ixides  derived  from  the  alteration  of  iron  pyrite  are  also  present  in 
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considerable  amounts.  The  source  of  the  latter  minerals  is  the 
greenstone  country  rock,  the  hanging  wall  in  places  showing  strong 
pyritization.  Veins  near  by  show  a  small  amount  of  chaloopyrite, 
accompanied  by  the  characteristic  green  stain  produced  by  its  oxida- 
tion. Similar  mineralization  has  occurred  in  the  quartz  veins  that 
appear  in  the  bank  of  the  river  at  Marshall. 

ANTIMONT. 

No  veins  canning  antimony  are  known  within  the  areas  visited, 
but  at  Paimiut  it  was  reported  that  stibnite  occurs  in  the  group  of 
hills  south  of  the  Yukon,  near  the  Kuskokwim. 

MTNER  A  T.TZ  ATION. 

Data  regarding  the  mineralization  in  this  region  are  not  sufficiently 
complete  to  justify  positive  statemients  regarding  the  source  of  the 
gold,  but  some  inferences  concerning  it  can  be  drawn.  Wherever 
gold  has  been  found  there  are  also  soda  granites  or  porphyritic  dacite 
dikes,  many  of  them  of  considerable  width,  and  it  is  believed  that 
the  mineralization  was  consequent  upon  the  intrusion  of  both  the 
sedimentary  and  igneous  rocks  by  these  granites  and  dacites.  The 
dacites  are  similar  in  chemical  composition  to  the  soda  granites  and 
differ  from  them  only  in  having  a  somewhat  finer  groundmass  and  a 
porphyritic  texture.  They  represent  offshoots  from  the  larger  igne- 
ous masses  or  were  derived  from  the  same  sodic  granite  magma. 
Both  the  larger  granite  masses  and  the  dacite  dikes  appear  to  have 
been  concerned  in  the  mineralization.  The  quartz  veining  that  fol- 
lowed is  also  related  to  the  intrusions,  and  much  of  the  gold  occurs  in 
the  vein  quartz,  but  wall-rock  impregnation  has  also  taken  place. 
Besides  the  gold  the  sulphides  of  iron,  lead,  molybdenum,  and  cop- 
per occur  as  pyrite,  galena,  molybdenite,  and  chalcopyrite,  in  the 
veins  and  mineralized  wall  rock.  These  minerals  have  not  been  found 
in  the  soda  granites  or  dacites  but  doubtless  were  formed  as  a  conse- 
quence of  their  intrusion. 

GnroaESTioNs  fob  oold  PBOsPBoriNa. 

As  the  mineralization  was  attendant  upon  the  soda  granites  and  the 
porphyritic  dacites,  it  follows  that  streams  which  drain  areas  where 
these  rocks  appear  afford  the  most  attractive  field  for  prospecting. 
Exposures  are  few  in  most  parts  of  the  region  but  may  usually  be 
found  along  the  crests  of  the  ridges  or  here  and  there  along  minor 
streams.  The  nature  of  the  gravel  along  bars,  however,  will  afford 
quite  as  effectively  an  indication  of  the  nature  of  the  rocks  farther 
upstream.  Vein  quartz  or  pebbles  of  light-colored  granitic  or  por- 
phyritic igneous  rock  should  be  noted.  The  rocks  from  which  these 
pebbles  are  derived  are  of  course  not  necessarily  accompanied  by  gold. 
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but,  on  the  other  hand,  in  this  region  the  gold  has  always  been  found 
under  conditions  which  indicate  its  derivation  from  these  intrusivesL 
On  the  upper  courses  of  most  of  the  streams  the  yallejs  are  com- 
ptratiyely  narrow  and  the  depth  to  bedrock  slight,  making  orbes- 
ctttting  of  the  channel  fairly  easy.  On  the  lower  reaches,  however, 
the  width  is  greater,  in  some  places  being  several  miles,  and  the  valley 
fill  is  of  unknown  depth.  Prospecting  under  such  conditions,  takm 
in  connection  with  the  possibility  of  changes  in  the  position  of  stream 
courses  since  the  concentration  of  the  gold  in  placers,  appears  uncer- 
tain to  yield  profitable  results. 

COAL. 

The  presence  of  coal  on  Anvik  Biver  has  long  been  known  and  is 
mentioned  by  Collier.^  It  seems  to  have  been  used  to  a  moderate  ex- 
tent by  the  natives,  who  formerly  employed  it  in  the  manufacture  of 
a  black  pigment.  A  small  amount  has  also  been  used  for  blacksmith 
coal  at  Anvik,  but  so  far  as  known  no  other  utilization  has  been  at- 
tempted. The  following  information  regarding  these  deposits  was 
obtained  from  Mr.  F.  H.  Kruger,  a  merchant  and  prospector  at 
Anvik. 

The  coal  seams  crop  out  about  45  miles  above  the  mouth  of  Yellow 
River,  or  over  100  miles  by  water  from  the  Yukon;  the  air-line  dis- 
tance to  the  nearest  point  on  the  Yukon  is  probably  about  35  miles. 
Anvik  River  cuts  diagonally  across  the  sedimentary  series,  made  up 
of  sandstones,  shales,  and  coal  beds,  which  appear  for  a  distance  of 
about  5  miles  along  the  course  of  the  stream.  Both  up  and  down 
stream  from  the  sedimentary  series  are  rocks  of  igneous  origin. 
Within  the  series  coal  seams  appear  for  nearly  a  mile  along  the  river, 
most  of  the  outcrops  on  the  east  bank.  One  seam  has  a  thickness  of 
about  10  feet,  and  several  have  a  thickness  of  2  feet 

Transportation  to  the  Yukon  would  entail  a  high  expense,  as  only 
small  poling  boats  could  be  used  except  at  high- water  stages,  when 
small  scows  and  power  boats  might  be  utilized.  Transportation 
overland  would  prove  feasible  only  if  the  local  market  were  suffi- 
ciently great  to  warrant  the  construction  of  a  road,  after  explora- 
tion and  development  work  had  proved  the  extent  and  quality  of 
the  coal.  ^ 

Coal  seams  of  varying  thickness  will  doubtless  be  found  elsewhere 
in  the  areas  of  Cretaceous  rocks.  Many  fragments  of  weathered 
coal  were  found  in  the  high  gravel  bank  on  the  east  side  of  Stuyahok 
Siver  about  45  miles  from  its  mouth.  It  is  likely  that  these  frag- 
ments have  not  been  carried  for  any  great  distance  and  that  careful 

>  OoUtor,  A.  J.,  TlM  cofti  moorcet  of  the  Yukon,  AUaka :  U.  8.  GeoL  Surytj  Boll.  21S, 
^  5S.  IMS. 
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prospecting  would  reveal  the  seams  from  which  they  were  derived. 
Like  those  on  the  Anvik  these  beds  i^hen  found  would  probably  be 
of  local  value  only,  unless  they  were  of  considerable  extent  and  the 
eoal  of  such  a  quality  as  would  permit  it  to  compete  with  other  fuels. 

At  Marshall  it  was  learned  that  coal  occurs  on  one  of  the  creeks 
which  flows  into  a  slough  of  the  Yukon  about  20  miles  above  Mar- 
shall. No  information  concerning  this  deposit  other  than  the  fact 
oi  its  occurrence  was  obtainable. 

A  narrow  band  of  bituminous  shale  occurs  in  the  vicinity  of  the 
old  fort  at  Andreafski.^  The  Russians  attempted  to  utilise  this  shale 
for  fuel,  but  it  was  too  impure  to  bum  well,  and  the  attempt  was 
abandoned.  This  locality  is  a  few  miles  down  the  Yukon  from 
Andreafaki,  where  field  work  was  terminated  in  1916,  and  was  not 
visited  by  the  writer. 

MIKSBAL  8FSIK08. 

About  7  miles  east  of  south  of  Marshall,  and  half  a  mile  from  the 
Willow  Creek  landing  are  what  are  known  locally  as  the  Soda 
Springa  Analyses  show  the  mineral  content  of  the  waters  from  these 
springs  to  be  chiefly  calcium  and  bicarbonate,  with  considerable  iron. 
Free  carbon  dioxide  is  constantly  being  liberated  and  bubbles  up  in- 
termittently in  almost  all  the  pools  and  springs  of  this  group.  Some 
have  built  up  considerable  cones,  4  to  6  feet  high  and  10  to  20  feet 
wide  at  the  base.  (See  PI.  VII,  A.)  The  material  in  these  cones  con- 
sists of  lime  carbonate  and  yellow  and  red  iron,  oxides.  At  the  north- 
em  edge  of  the  group  is  an  extensive  area  covered  with  granular  pre- 
cipitated oxides  of  iron,  with  some  lime  carbonate,  which  is  rather 
loose  and  incoherent,  much  resembling  gas-house  cinders.  It  has 
built  up  a  deposit  thick  enough  to  afford  a  solid  footing,  much  in  con- 
trast with  that  of  the  soft,  spongy  moss-covered  areas  near  by.  That 
very  little  vegetation  grows  on  the  sinter  is  indicated  by  the  photo- 
graph of  the  cone.     (See  PL  VII,  4,  p.  60.) 

Between  the  main  group  of  springs  and  the  landing  are  a  number 
of  pools  of  water  which  in  part  may  represent  the  overflow  from  the 
springs  above  and  in  part  may  be  the  basins  of  other  springs  having 
a  comparatively  small  flow.  The  deposits  in  the  vicinity  of  these 
pools  consist  chiefly  of  lime  carbonate  and  are  conspicuous  for  their 
white  color  and  scanty  growth  of  vegetation. 

The  springs  are  situated  at  the  base  of  the  south  frontal. slope  oi 
the  range  of  hUls  between  Spruce  and  Wilson  creeks.  *  A  mantle  of 
Tegetaticm  and  unconsolidated  material  so  completely  covers  the 
.iSurface  ^at  it  is  impossible  tot  determine  the  nature  of  the  under- 
lying bedrock.    It  appears  likely,  however,  that  the  springs  occur 

>  Dall,  W.  H.,  and  Harris,  G.  D.,  Corralatloa  papen,  Neocana :  U.  S.  QcaL  Sot^v^  BUk 
84,  p,  247,  18W.  , 
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near  the  contact  of  the  Quaternary  lavas  and  the  greenstones  which 
make  up  the  ridge  to  the  north.  Other  springs  of  essentially  similar 
character  are  reported  as  occurring  about  12  miles  to  the  east,  where 
the  topographic  situation  and  geologic  conditions  are  much  the 
same  as  at  this  locality. 

Little  utilization  has  been  made  of  these  mineral  waters.  The 
spring  shown  in  Plate  VII,  Ay  was  dug  down  about  8  feet  or  more 
from  the  crest  of  the  cone,  and  a  small  basin  was  dug  below  the  rim 
of  the  outlet  This  spring  flows  a  few  quarts  to  the  minute.  The 
water  is  carried  up  to  the  camp  on  Willow  Creek  and  used  to  a  small 
extent  as  a  table  water.  A  few  hundred  yards  to  the  north  another 
spring  has  been  dug  out,  the  cone  leveled  off,  and  a  log  building 
erected  over  it.  This  building  was  in  use  as  a  saloon,  and  the  basin  of 
the  spring  served  both  for  cold  storage  and  as  a  source  of  carbonated 
water. 

An  analysis  ^  of  this  water  by  B.  B.  Dole  and  Alfred  A.  Chambers 
ga?e  the  following  results : 

AnalyHt  of  water  from  Soda  Springs,  near  MarBhaU, 

Parts  per  millloii. 

SlUca   (SIO.) 40 

Iron  (Pe) 6. 2 

Aluminum  (Al) 4.0 

Oalclum   (Oa) 366 

Magnesium  (Mg) 58 

Sodium  (Na) 32 

Potassium   (K) 14 

Cartx>nate  radicle  (COs) ,0    * 

Bicartx>nate  radicle  (HCO») 1.456 

Sulphate  radicle  (S0«) 18 

Chloride  radicle  (CI) 8.1 

Nitrate  radicle  (NOi) Trace. 

Total  dissolved  solids  at  180**  C 1, 270 

Free  COi 1, 340 

Water  for  analysis  was  taken  from  the  open  spring  and  so  had 
lost  some  free  CO,.  It  is  possible  that  some  of  the  iron  may  have 
been  precipitated.  In  precipitating  from  solution  the  iron  appears 
to  have  gone  out  first,  so  that  even  the  small  percentage  shown  by 
this  analysis  would  account  for  the  presence  of  the  iron  minerals 
near  the  vents  of  the  springs.  Iron  oxides  make  up  a  considerable 
amount  of  the  sinter  but  appear  to  constitute  a  much  larger  part  of 
it  than  they  really  do,  as  both  the  yellow  and  brown  sinter  contain 
considerable  lime  carbonate,  the  presence  of  which  is  concealed  by 
the  color  of  the  iron  minerals. 

*  Waring,  O.  A.,  Mloeral  springs  of  Alaska:  U.  8.  Geol.  Surrey  Water-Supply  Paper 
418»  p.  87,  analysis  No.  6,  1017. 
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BIBLIOGRAPHY  OF  NORTH  AMERICAN  GEOLOGY  FOR 

1917,  WITH  SUBJECT  INDEX. 


By  John  M.  Nickles. 


INTRODUCTION. 

Tho  bibliography  of  North  American  geology,  including  paleon- 
tology, petrology,  and  mineralogy,  for  the  year  1917  follows  the 
plan  and  arrangement  of  its  immediate  predecessors.  It  includes 
publications  bearing  on  the  geology  of  the  Continent  of  North 
America  and  adjoining  islands ;  also  Panama  and  the  Hawaiian 
Islands.  Papers  by  American  writers  on  the  geology  of  other  parts 
of  the  world  are  not  included.  Textbooks  and  papers  general  in 
character  by  American  authors  are  included ;  those  by  foreign  authors 
are  excluded  unless  they  appear  in  American  publications. 

As  heretofore,  the  papers,  with  full  title  and  medium  of  publica- 
tion and  explanatory  note  when  the  title  is  not  fully  self-explana- 
tory, are  listed  under  the  authors,  arranged  in  alphabetic  order. 
The  author  list  is  followed  by  an  index  to  the  literature  listed.  In 
this  index  the  entries  in  one  alphabet  are  of  three  kinds — first,  sub- 
ject, with  various  subdivisions,  to  enable  the  specialist  to  ascertain 
readily  all  the  papers  bearing  on  a  particular  subject  or  area;  sec- 
ond, titles  of  papers,  many  of  them  abbreviated  or  inverted,  under 
their  leading  words;  and  third,  cross  references,  which  have  been 
freely  used  to  avoid  too  much  repetition.  The  subjects  have  been 
printed  in  black-faced  type,  the  titles  of  papers  and  cross  references 
in  ordinary  type.  As  it  may  not  be  always  obvious  which  subject 
headings  have  been  adopted,  an  outline  of  those  used  immediately 
precedes  the  index. 

The  bibliography  of  North  American  geology  is  comprised  in  the 
following  bulletins  of  the  United  States  Geological  Survey :  No.  127 
(1732-1892) ;  Nos.  188  and  189  (1892-1900) ;  Jfo.  301  (1901-1905)  ; 
No.  372  (1906-7) ;  No.  409  (1908) ;  No.  444  (1909) ;  No.  495  (1910) ; 
No.  524  (1911);  No.  545  (1912);  No.  584  (1913);  No:  617  (1914); 
No.  645  (1915) ;  No.  665  (1916) ;  and  No.  684  (1917). 
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SERIALS  EXAMINED. 


Academy  of  Natural  Sciences  of  Philadelphia  :  Proceedings,  vol.  68,  pt.  8 ;  vol.  89, 

pts.  1,  2.     Philadelphia,  Pa. 
Alabama  Geological  Survey :  Bulletin,  no.  10 ;  Circular  no.  8.    Montgomery,  Ala. 
American  Academy  of  Arts  and  Sciences:   Proceedings,  vol.   52,  nos.  0-18; 

vol.  53,  nos.  1,  2.    Boston,  Mass. 
American  Institute  of  Mining  Engineers :  Bulletin,  nos.  121-132 ;  Transactions, 

vols.  54-56.    New  York. 
American  Journal  of  Science,  4th  ser.,  vols.  43,  44.    New  Haven,  Conn. 
American  Mineralogist,  vol.  2.    Philadelphia,  Pa. 

American  Mining  Congress:  Report  of  Proceedings,  19th  Annual  Session. 
American  Museum  of  Natural  History :  Bulletin,  vol.  36 ;  Journal,  vol.  17.    New 

York. 
American  Naturalist,  vol.  51.    New  York. 
American  Philosophical  Society:  Proceedings,  vol.  56,  nos.  1-6.    Philadelphia, 

Pa. 
Annals  and  Magazine  of  Natural  History,  8th  ser.,  vols.  19,  20.    London. 
Arizona   State  Bureau  of  Mines:  Bulletin,  nos.  46,  48-51,  53,  55-64,  66-72. 

Tucson,  Ariz. 
Association  of  American  Geographers;  Annals,  vol.  6. 
Bernlce  Pauahi  Bishop  Museum:  Occasional  Papers,  vol.  3,  nos.  3,  4;  vol.  6, 

no^  4.     Honolulu,  Hawaiian  Islands. 
Boston  Society  of  Natural  History:  Proceedings,  vol.  35,  no.  4.    Boston,  Mass.- 
Botanical  Gazette,  vols.  63,  64.    Chicago,  111. 
British  Columbia,  Bureau  of  Mines:  Annual  Report  of  the  Minister  of  Mines 

for  1916.     Victoria,  B.  C. 
Bulletins  of  American  Paleontology,  nos.  28-30.    Ithaca,  N.  Y. 
California  Academy  of  Sciences:  Proceedings,  4th  ser.,  vol.  7,  nos.  1-0.    San 

Francisco,  Cal. 
California  State  Mining  Bureau:  Bulletin,  nos.  72-75.    San  Francisco,  Cal. 
California,  University  of,  Department  of  Geology :  Bulletin,  vol.  10,  nos.  10-22. 

Seismographlc  Stations;  Bulletin,  nos.  12,  13.     Berkeley,  Cal. 
Canada,  Department  of  Mines,  Mines  Branch :  Summary  Report  for  1916 ;  Bul- 
letin, nos.  14-17,  19.     Ottawa,  Ont. 
Canada,  Geological  Survey :  Memoirs,  nos.  93-102 ;  Museum  Bulletin,  nos.  25, 26; 

Summary  report  for  1910.     Ottawa,  Ont. 
Canadian  Mining  Institute:  Monthly  Bulletin,  nos.  57-68;  Transactions,  vols. 

19,  20.     Ottawa,  Ont. 
Canadian  Mining  Journal,  vol.  38.    Toronto  and  Montreal,  Canada. 
Carnegie  Institution  of  Washington:  Yearbook  no.  15,  for  1916.    Washington, 

D.  C. 
Carnegie  Museum :  Annals,  vol.  11 ;  vol.  12,  no.  1 ;  Memoirs,  vol.  7,  no.  4.    Pitts- 
burgh, Pa. 
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Clndnnaa  Society  of  Natural  History:  Journal,  vol.  22,  no.  2.    Cincinnati, 
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Pittsburgh,  Pa. 
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London. 
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Footprints. 

Invertebrata ;  Arthropoda ;  Crustacea ;  Trilobita ;  Ostracoda ;  Insects ;  Araclh 
nida ;    Myriapoda. 

Mollusca ;  Cephalopoda :  Gastropoda ;  Pelecypoda. 

Molluscoidea  ;  Brachiopoda ;  Bryozoa ;  Vermes. 

Echinodermata ;  Echinoid^a ;  Asteroidea  ;  Crinoidea ;  Cystoidea, 

Ckelenterata ;  Anthozoa  ;  Hydrozoa ;  Graptolitea. 
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Protozoa;  Sponglda;  Foraminifera. 
Paleobotany ;  Diatoms ;  Algse. 
Problematica. 

FETROLOOT. 

Rocks,  origin ;  Rocks,  structural  features ;  Rocks  described  (list) ;  Igneous 
and  volcanic  rocks;  Rock-forming  minerals;  Lava;  Oolite;  Dolomite;  Pebbles. 

XIKERALOOT. 

MiiM^rals  de8cri1>ed    (list);  Crystallography;  Pseudomorphism;  Paragenesis 
of  minerals;  Rock-forming  minerals;  Meteorites. 

TrVDEBOaOUKD  WATEB. 

Mineral  waters ;  Thermal  waters ;  Geysers ;  Springs ;  Mine  waters. 


INDEX. 

(The  nambers  refer  to  entries  in  the  blbllo^aphy.) 


AbzmilTei. 

General :  Katz,  544. 

Addreaaea. 

Fosail  Insects :  Cockerel],  210. 

Future  for  geologists :  Hubbard,  498. 

Geological  work  in  the  Southwest : 
Gould.  390. 

Gi'ology  and  public  service  :  Smith.  960. 

Philosophy  of  geology  and  the  order  of 
'  *^'the  state  :  Clarke,  208. 

State  geologist  and  conservation :  Pur- 
due,  826. 

Adirondack  Mountains :  Miller,  734. 
Alabama. 
Bconomie, 

Mineral  production,  1015 :  Smith,  955. 
Oil  and  gas  possibilities :  Smith,  956. 
Petroleum :    Fuller,    860. 
Dynamic    and    atructuraL 

Earthquake,  October  18,  1916 :  Finch, 

345;  Hopkins,  484. 
Structural  features :  Smith,  950. 
Stratigraphic. 

Ilatchetigbee  anticline  :  Hopkins,  488. 
Tuscaloosa  formation,  delta  character: 
Berry,  67. 
Mineralogy. 

Halloyslte :  Vander  Meulen,  1059. 

Alaska. 
Economic. 

Anvik- Andrea fski   region  :    Harrington, 

425. 
Copper,    Latouche    and    Knight    Island 
districts,  Prince  William  Sound  : 
Johnson,  529. 
Copper  River  basin  :  Mofflt.  739. 
Fairbanks  district:  Mertle,  721. 
Gold,  Juneao  belt :  Eakin.  310. 
Porcupine  district :  Eakin,  311. 
Seward  Peninsula  :  Mertle,  723. 
Tickel  district :  Mofflt,  739. 
Gold  placers,  Anvlk-Andreafski  region : 
Harrington,  425. 
Nenana  region :  Maddren,  682. 
Tolovana  district :  Mertle,  720. 
Iron:   Whittier,   1137. 
Kantishna  region  :  Capps,  174. 
Ketchikan  district :  Chapln.  190. 
Mineral  production,  1916 :  Brook.s.  124. 
Mining  industry,  1915  :  Smith,  068. 
Nenana  region  :  Overbeck,  772. 
Prince    William     Sound,     copper    and 

gold  :  Johnson,  528. 
Seward  PenlnsuU :  Mertle,  722. 
Wrangell  district :  Chapln,  190. 


Alaska — Continued. 
Physiographic. 

Physiographic  provinces :  Brooks,  122. 
Stratigraphic. 

Anvik-Andreafski   region :    Harrington, 

425. 
Nenana  region :  Overbeck,  772. 
Quaternary    history,    central    Alaska: 

Eakin,  309. 
Tolovana  district:  Mertie,  720. 
Paleontology. 

Fruit  •  or    nut,     supposed.     Tertiary : 
Thomas,  1022. 
Mineralogy. 

Chalmersite,    Prince    William    Soimd: 
Johnson,  530. 
Underground  water. 

Mineral  springs:  Waring,  1006. 
Alberta. 
Economic. 

Bituminous   sands,   northern   Alberta : 

Ells,  318,  319. 
Building     and      ornamental      stones: 

Parks.  783. 
Coal:  Dowling.  297. 

Crowsnest  field  :  Rose,  880. 
Drumheller  area :  Dowling,  297. 
Foothills  north  of  Grank  Trunk  Pa- 
cific railway :  MacVicar,  681. 
southern  Alberta :  Dowling,  296. 
west  central  Alberta ;  Stewart,  993. 
Gypsum,    northern    Alberta:    Camsell, 

167. 
Natural  gas :  Slipper,  954. 
Oil,  gas,  and  'Water:  Dowling,  297. 
Petroleum :  Slipper,  954. 
Phosphate :    Adams,    1 ;    Adams    and 
Dick,  6. 
Banff  area  :  De  Schmld,  273. 
Salt,   northern   Alberta :   Camsell,  167. 
Tar  sands,  Athabasca  River :  McLearn, 
676. 
Physiographic.  « 

Southern  plains :  Dowling,  296. 
Stratigraphic. 

Athabasca     River    section :     McLearn, 

676. 
Banff  area :  De  Schmld,  273. 
Borings :  Slipper,  954. 

west  central  Alberta  :  Stewart,  993. 
Cambrian  :  Walcott,  1078. 
Crowsnest  coal  field  :  Rose,  880. 
Foothills  north  of  Grand  Trunk  Pacific 

railway :  MacVicar,  681. 
Northern  Alberta :  Camsell,  167. 
Phosphate  region :  Adama  and  Dick,  6. 

m 
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AlWrtft — Continued. 
'  BirmHor^hio — Continued. 

Roekj    MountainSp    gvoloffic    ktotory : 

Allan,  11. 
ek>uthern  plains:  Dowling,  296. 
PoleoMtolo^y. 

Ch«neoaauru«    tolmanenslt,    Edmonton 

Cretaceous:  Lambe,  608. 
Edmontosaurus       regalis,       Edmonton 

formation :  Lambe,  604. 
Gorgosaurus.  Cretaceous:  Lambe,  601. 
Mount  Whjte  fauna :  Walcott.  1080. 
Southern  plains:  Dowllng,  296.     . 
Allanlte,  weathering  of:  Watson,  1105. 
Algonklan.     See  Pre-Gambrlan. 
Aluminium  hydrates:  Wysor,  1182. 
Atnmlnam. 

General :  .Hill.  464. 
American  Association  of  State  Geologists, 
field  trip  In  Oklahoma:  Hotch- 
klss,  496. 
Ammonites.    See  Cephalopoda. 
AnphlMa. 

Calamops,  Trlasale,  PennsylTanIa :  Sin- 
clair, 949. 
California,    Rancho    iM    Brea,    Bufo: 

Camp,   162. 
Coal  measures:  Gregory,  405. 
Bryopsoides,    Permian,    New    Mexico : 

Douthitt,  294. 
LabyrinthodoDt,    Newark    series :    Sin- 
clair, 948. 
Linton  fauna,  environment:  Case,  178. 
Nebraska,  Tertiary :  Cook,  280. 
Analyses,  chemical.    See  list,  p.  185. 
Anlmikle.     See  Pre-Cambrlan. 
Anorthosite  body  in  Adlrondacks :  Cushlng, 

246. 
Anthosoa   (corals). 

California,    Carriso    Creek :    Taughan. 

1064. 
Cyathopbyllum,  Niagara,  Jones  County. 

Iowa  :  Thomas,  1021. 
DIphyphyllold  corals:  Chadwlck,  185. 
Klloflmero     I^nd.     Devonian     corals : 

I^ot'WP,  645. 
Pacific  coaKi  :  Nomland,  760. 
Tertiary,  history :  Vaughan,  1064. 
Totracoralln,    relationship    to    Hoxaco- 
ralla  :  Robinson,  870. 
Antimony. 

General :   HeKs,  456. 
AlaHkn.     Fairbanks     district:     Mertle, 
721. 
Kantlshna  reKi(»n  :  Capps.  174. 
Seward  Peninsula  :  Mertle,  722. 
Arkansas :  Shrlver,  940. 
Mj'xIco.  Fresnlllo :  Amndor,  17. 
Aphrollth  and  dcrmollth  :  Jaggar.  517. 
Appalachian  oil  field  :  Fuller,  300. 
Appalachian    oil    field    brines :    Richardson, 

858. 
.Appalachian  oil  fields,  dry  sands:  Reeves, 

843. 
Appalachian    oil    fields,   dryness  of  certain 
sands :  Shaw,  933. 


Arotio  rsfisu. 

General :  OVeUl,  76S. 
Eeanomie, 

Copper:  O'Neill,  760. 
SiraUgraphie. 

General:  O'Neill.  766. 
Rllesmere  Land,  Deronlan:  Oar, 
pQleonioloffy. 

Rllesmere  Land,  Devonian:  Ktor, 
Loewe,  646. 
Devonian  fishes :  Kl»r,  577. 
K5nlg  Oscar  and  Helberg  lAud. 
bonlferous:  Tschemysckcu 
Stepanow,  1086. 

Arlsoaa. 
OeneraL 

Phoenix  region :  Vacher,  1067a. 
Eeonomie* 

Detrital  copper  deposits :  Tovote, 

Gems :  Culln,  242. 

Lime  rocks :  Culln,  241. 

Mineral  production.  1916 :  Helkes. 

Miscellaneous  minerals :  Joseph.  8 

Mohave  County:  Schrader.  906. 

Molybdenum,       Hualpal       Mount 
WIckes.  1188. 

Navajo  country :  Gregory.  402. 
Patagonia  district :  Schrader.  906. 
Santa  Rita  district :  Schrader.  901 
Warren  district.  Bisbee  :  Bonlllas  e 
92. 

Difnamie  and  Btrueturah 

Grand  Canyon  :  Darton,  260. 
Phyttioffraphie, 

Grand  Canyon  :  Darton.  260 ;  Drysi 
301a. 

Navajo  country :  Gregory,  402. 
Stratiffraphic. 

Grand  Canyon  :  Darton.  260. 

Mohave  Tounty  :  Schrader,  909. 

Nnvajo  country :  Gregory,  402. 

PatafTonia  district:  Schrader.  908. 

San  Simon  Valley :  Schwennesen.  9 

Santa  Rita  district :  Schrader,  908 

Warr<»n  district,  Risbec  :  Bonlllas  ei 
92. 

M  inrralogy. 

Meteorites,   Canyon   Diablo,   struct 

Meunler,  725. 
Warren  district,  Bisbee :  Bonlllas  ei 
92. 
I  fi drf'fjrou n d  water. 

San  Simon  Valley :  Schwennesen. 
Arkansas. 
Economic. 

Antimony :    ShrhTr.  940. 
Manganese,  Caddo  Gap  and  De  Qi 
(luadrangles  :  Miser,  737. 
Stratiffraphic. 

Hlugen  sand  :  Berry,  09. 

I'addo  Gap  ami  De  Queen  quadraDH 

MI.Kor.  I'M. 
Pottsvllle  formations:  Mather,  689 
Paleontology. 

Plant®,  Biugen  sand  :  Berry,  69. 
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General :  Hess,  4S6. 
Artesten    waters   and    welli. 
groaod  water. 


Be€    Under- 


General:  Dlller,  288. 

Origin   of   cbrysotlle   Telns :   Taber. 
1012. 
Quebec,     Black    Lake-Thetford    area : 
Grabam,  396. 
Tbetford-Black   Lake  district   (Cole- 
ralne  sbeet)  :  Knoz,  590. 
Asplialt.    See  aUo  Grabamite. 
General :  Nortbrup,  701. 

Origin :  Rlcbardson,  866,  867. 
United  States :  Sbaw,  930. 

Asaooiatioas,  meetinrs. 

Geological  Society  of  America.  Albany 
meeting,  December,  1910:  Ber- 
key,  03. 

Paleontologlcal  Society,  eigbtb  meet- 
ing, December,  1910 :  Bassler, 
48. 

Paleontologlcal  Society,  Pacific  coast 
section,  seventb  meeting :  Stock, 
994. 

ATea   (birds). 

Colorado,  Florissant :  Shufeldt,  943. 

Diatryma,  Wyoming :  Matthew,  704 ; 
Matthew  and  Granger.  705,  700. 

Florida,  Vero :  Shufeldt,  941,  942. 

Palsocbenoldes    mioceanus :    Wetmore, 
1112. 
Barlte. 

General :  Hill,  407. 

Missouri :  Tarr,  1014. 
Barytes.     See  Barlte. 
Bathyliths.     See  Intrusions. 
Batracbia.     See  Amphibia. 

Bauxite. 

General :  Hill,  404. 
Aluminium  hydrates :  Wysor,  1182. 
(Soorgla,  Coastal  Plain  :  Shearer,  930. 
United  States:  Hill,  404. 

Beaches.     See  also  Shore  lines :  Terraces. 
Michigan.    Detroit    district:    Sherzer, 

937. 
Nevada,   Big   Smoky   Valley :   Mel  user, 
709. 
Belemnitella     americana     and     mucronatn, 

habitat:  Dorsey,  293. 
Bentonite. 

Wyoming,  Bighorn  basin :  Hewott,  459. 
Beryl,  etching  figures :  Honess,  470. 

Bibliography. 

Black  Hills  region :  O'Harra,  703. 
Canada,  1915  :  Malcolm.  083. 
Chert,  origin :  Tarr,  1015. 
Coloration  in  fossil  Mollusca :  Greger, 

400. 
Crustacea,  Paleozoic :  Vogdes,  1070. 
Davis,  C.  A.,  writings :  Lane,  000. 
Drlftless  area  :  Sblpton,  939. 
Fishes :  Dean  and  Eastman,  270. 
Hayes,  C.  W.,  writings :  Brooks,  123. 


Bibliography — Continued. 

Hllgard,  B.  W.,  writings:  Smith.  957. 

Hill.  F.  A.,  writings :  Ilalberstadt,  415. 

New  York,  Long  Island  :  Fairchild,  330. 

Nickel :  Royal  Ontario  Nickel  Commis- 
sion, 882. 

Phosphate,    United   States :   Mansfield, 
085. 

ProBser,  C.  S.,  writings :  Cumlngs,  248. 

Safford,  J.  M.,  writings :  McGlll,  872. 

South    Dakota.    Black    Hills    region: 
O'Harra,  763. 
Biography. 

Bell,  Robert :  Adams,  2,  3. 

Clark,  W.  B. :  Berry,  70;  Anon.,  1198. 

Davis,  C.  A. :  Lane,  000. 

Drysdale.  C.  W. :  Jacobs,  511. 

Hague.  Arnold  :  DlUer,  280. 

Hayes,  C.  W. :  Brooks,  123. 

Hllgard,  B.  W. :  Smith,  967. 

Hill,  F.  A. :  Halberstadt,  416. 

Osborn,  H.  F. :  Woodward.  1171. 

Prosser,  C.  S. :  Cumlngs,  243. 

Safford,  J.  M. :  McGlll,  072. 

Birds.     See  Aves. 

Bismuth. 

Genera] :  Hess,  450. 
Bituminous  shale. 

Eastern  United  States:  Ashley,  30. 
BHuminoUB  rook. 

General :  Northrop,  701. 

Bivalves.    See  Pelecypoda. 

Blastoidea. 

Montana,  southwestern,  Carbonlferoue : 

Clark,  201. 
Steganoblastus,      external     structure : 
Hudson.  499. 
Bonansa   district,   Saguache  County,   Colo- 
rado :  Patton,  787. 
Borings. 

Alberta:  Slipper,  954. 

west  central :  Stewart,  993. 
Illinois',  Plymouth  oil  field :  Blatchley, 

80. 
Kansas:  Taylor,  1010. 

Leavenworth :     Hinds    and     Greene, 
471.     . 
Louisiana,  Belle  Isle:  Lucas,  056. 
National  bureau  of  well -log  statistics, 

need  of:  Matteson,  700. 
Ohio,  Cleveland  gas  field  :  Rogers,  875. 

southern  :  Stout,  1008. 
Oklahoma  :  Shannon  et  al.,  924. 

Brlstow  quadrangle :  Fath,  333. 
Ontario,  Petrolla  field :  Stansfleld,  979. 
Tennessee,    Glenmary,    Scott    County  r 

Glenn,  379. 
Texas,  Rustler  Springs :  Phillips.  804 
Thrall   oil   field :   Udden  and  Bybco, 
1060. 
Wyoming.   Byron   field :   Ziegler,   1180. 
Oregon  Basin  field :  Ziegler.  1190. 

Boulders. 

Brine  corrosion  :  Wallace.  10S4. 
Botany,  fossil.     See  Paleobotany. 
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BnMldvpoda. 

GreenlaBd,    Carbontteroos :    Oritnwall, 
407. 

.If ODtftiiA.  soothwttttera,  Cftrboalflerom : 
Clark,  201. 

Platyttrophia,      morphological     raria- 
tlona:  McBwan,  071. 

PoiktIosakoB,      Carbonlferou,     Toang 
Goantj,   Texas:  WatioD,  1102. 

Bennelaeriini,   Unden   shale,   Tennes- 
see :  Dunbar,  807. 

Richthotenia,   Texas,"  Permian:   BOse, 
91. 
Breoolas. 

Classlflcatlon :  Norton,  702. 

Mariposa     formation,     Colfax,     Cali- 
fornia: Moody,  742. 
Brines. 

DilTusion     in     Appalachian      oU-fleld 
waters:  Richardson,  800. 

Oil   fields,   origin   of   brines :   Reeres, 

042.. 
British  OstamUa. 
Bamomio, 
General :  Robertson,  800. 
Bridge  River  district :  Drysdale,  808. 
Bnildlng     and     ornamental     stones: 

Parks.  782. 
Coal,  Rlk  Valley  basin:   Rose,  879. 
Coppor-gold-silyer  deposits,  Vancouver 

and  adjacent   islands:   Brewer, 

117. 
Graphite,  Cranbrook :  De  Schmid,  278.  j 
Hedley    dlAtrict,    Nickel    Plate    mine: 

RIcknrd.  861. 
Iron  :  Whittler,  1137. 

Vancouver     and     Tcxada     Islands : 

Brewer,  116. 
Kootenay  terra  ne« :  Drysdale,  303. 
MaKncfiite,      Bridge      River      district : 

Drysdale.  303. 
Molybdenite,  Lillooet  mining  division  : 

Drysdale.  303. 
Phoenix,    Osoyoos    district:    Rlckard. 

862. 
Rossland  district :  Bruce.  132,  133. 
Silver-lead    ores,    Slocan   district :    Ub- 

low.  lO.'il. 
Slocnn    district :    Drysdale,    303 ;    Ug- 

low,  ior»i. 
Sooke    «nd    Duncan    areas,    Vancouver 

Island  :  Clapp.  193. 
Ymlr    area.    West    Kootenay    district: 

Drysdale,  302. 
Dynamic  and  structural. 

Yoho       Glncler.       motion,       1914-16: 

Wheeler.  1113. 
Phpsioffraphic. 

Rossland  district:  Bruce,  1.32. 
atratifTraphic. 

Hrldge   River   district:    Drysdale,    .lO.t. 
Cambrian  :  Walcott,  1078. 
Elk  Valley  coal  basin  :  Rose.  879. 
Kootenay   torranes :   Drysdale,  303. 
Rocky     Mountains,    geologic    history : 

AUan.  11. 


Bitttsli  OslmMa— Continaed. 
BtrmtUffphlo—CtmtlamtA, 

Ross  Lake  asetton :  Walcott,  1011 
Rossland  district:  Bnwt,  ISS,  11 
Sidier     series,      VancouTer     b 

Cooke,  288. 
Slocan  district:  Uglow,  1001. 
Sooke  and   Dancan   areas,   Vsnc 

Island :  CUpp,  108. 
Telkwa  River  district:  Dolmage 
Tmlr   area.   West   Kootenay  dli 
Drysdale,  002. 
Poleontoloffir. 

Alhertella  tenna:  Walcott,  1070. 
Bridge  Rirer  district :  I>r7Bdale, : 
Mount  Whyte  fauna :  Walcott,  1< 
Petroto^. 

Rossland  district :  Bmcc,  102,  U 
Sicker     series,      Vaacoovar     Ii 

Cooke,  280. 
Sooke  and  Dancan   areas,  Vaae 

Island:  Clapp,  108. 
Tmir   area.   West   Kootenay  dis 

Drysdale,  802. 
MinenloffW' 
Aphrosiderite :    Lamen     and    St 

618. 
Augite,  titaniferous.   Ice  Rirer: 

ren  and  Allan,  1008. 
Rossland  district:  Bruce,  132.  13 
Spencerite.     crystal     form:     Wa 

1082. 
Bromine. 

General:  Stone,  1002. 
Bryosoa. 

Tertiary.     Chellostomata :    Cann 
Bassler,  172. 
classification:     Canu     and    Ba« 
173. 
Building   stone.     Bee   also   Granite;  Li 
stone ;  Sandstone  ;  Stone. 
Oencral :  Richardson.  854. 
Alberta  :  Parks.  783. 
Manitoba  :  Parks,  783. 
Mexico:  Telle,  1019. 

Naucalpan  y  Iluisqnllucan :  Mei 
724. 
Saskatchewan  :  Parks.  783. 
Bull  Mountain  coal  field,  Mussellsbell 
Yellowstone  counties.  Monti 
Woolsey  et  al.,  1173. 
Burning  of  coal  beds  :  Rogers.  874. 
Cadmium. 

General:  Slebenthal,  947. 
Caesium. 

General :  Browning,  129, 
Calcite  group :   Ford,   354. 
Calcium  chloride. 

General:    Stone,    1002. 
California. 
General. 

Diamonds:  Storms,  1005. 

Oll-fleld   waters.    San   .Joaquin  ValU 

Rogers,    877. 
State  Mineralogist,  Report  XIV :  H* 
Uton,   416, 
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Calif  omlA — Contlnned. 
Economic. 

Alpine  County:  Bakle,  812. 
Butte  County:  Waring,  1089. 

Chromite.  Shasta  County:  DlUer,  287. 

Chromium :  Boallch,  90. 

£1  Dorado  County :  Tucker,  1038. 

Inyo  County :  Warlug  and  Huguenin, 
1095. 

Iron :  Whlttler,  1187. 

Lassen  County :  Tucker,  1040. 

Leona  rhyollte:  Clark,  197. 

Lithium  minerals :  Schaller,  902. 
Los  Angeles  County,  mineral  resources : 
MerrUl,   716. 

Manganese:  Boalich,  90. 

Mineral  production,  1916:  Bradley, 
106 ;  Tale,  1188. 

Modoc  County:  Tucker,  1041. 

Mono  County :  Bakle  and  McLaughlin, 
314. 

Monterey  County :  Waring  and  Brad- 
ley, 1094. 

Orange  County,  mineral  resources : 
Merrill,  716. 

Ore  deposition  and  enrichment  at  En- 
gels:  Graton  and  McLaughlin. 
897 ;  Tolman,  1024. 

Petroleum,    gravity   variation    due    to 
sulphur :  Rogers,  876. 
McKittrick  district :  Gester,  872. 

Petroleum  fields:  Pack,  774. 

Placer  County :  Waring,  1091. 

Pyrlte,  Leonji  rhyollte :  Clark,  197. 

Riverside  County,  mineral  resources : 
MerrUl,  716. 

Sacramento  County :  Waring,  1092. 

San  Benito  County':  Bradley  and  Lo- 
gan,  107. 

San  Bernardino  County :  Cloudman  et 
dL,  209. 

San  Luis  Obispo  County :  Logan,  646. 

Santa  Barbara  County :  Huguenin,  501. 

Sutter  County :  Waring,  1090. 

Tehama  County :  Tucker,  1042. 

Tulare  County :  Tucker,  1039. 

Tungsten,  Inyo  County :  Knopf,  592. 

Ventura  County :  Huguenin,  502. 

Yuba  County:  Waring,  1098. 
Dynamic  and  atructurah 

Earthquakes,  1916 :  Palmer,  777. 

registration,  April  1-September   30, 

1916 :  Davis,  261. 
registration,  1916-17 :  Davis,  262. 
southern    and    eastern    California : 
Hamlin,   417. 

Lassen  Peak  lava,  viscous  nature : 
DlUer,  285. 

Santa  Barbara  Channel  earthquakes: 
Mattel,  698. 

Tejon   Pass   earthquake,   1916:   Bran- 
ner,  110. 
Phv8iographic. 

Salton  Sea  :  Macdougal,  669. 

Sierra  Nevada :  Gilbert,  376 ;  Machat- 
schek,  672a. 

Yosemite:  Williams,  1144. 

5ea22»— 18— Bull.  684 7 


Calif  omia — Continued. 
Stratiffraphic. 

Alpine  County:  Eakle,  812. 
Andalusite  mass,  Inyo  Range :  Knopf, 

593. 
Astoria  series,  Mount  Diablo   region : 

Clarke,   204. 
>        Carrizo'    Valley,      Imperial     County: 

Vaughan,  1064. 
Etchegoin   Pliocene,   Coalinga   region: 

Nomland,  757. 
Geologic  formations:  Smith,  962. 
Gladation,  Sierra  Nevada:  Muir,  745. 
Inyo  County :  Waring  and  Huguenin, 

1095. 

Leona  rhyollte:  Clark,  1917. 
McKittrick  district :  Gester,  372. 
Mariposa  formation  :  Moody,  742. 
Martinez  Eocene  time,  climatic  z6no«: 

Dickerson,  280. 
Martinez  formation :  Waring,  1088. 
Marysville  Buttes:  Dickerson,  282. 
Mohave  Desert:  Clark,  196. 
Mono  County:  Eakle  and  McLaughlin, 

814. 

Monterey  quadrangle:  Hawley,  481. 

Moraines,  post-Pleistocene,  Sierra  Ne- 
vada :  Matthes,  701. 

Morro  Hill,  southern  California :  War- 
ing and  Waring,  1097. 

Pliocene:  Nomland,  758. 

Salinas  quadrangle:  Hawley,  481. 

San  Benito  County :  Bradley  and 
Logan,  107. 

Santa  Margarita  beds.  North  Coalinga 
region :   Nomland,   759. 

PaleontoP)gy. 

Carrizo  Creek  coral  fauna :  Vaughan, 

1064. 
Crab,  Pliocene:  Rathbun,  882. 
Echinoids,  Tertiary :  Kew,  561. 
Etchegoin   Pliocene,   Coalinga   region : 

Nomland,  757. 
Felldse,    Rancho    La    Brea :    Merriam, 

712. 
Fernando  fauna,  Los  Angeles:  Moody, 

741. 
Martinez  fauna :  Waring,  1088. 
Mylodon,  Rancho  La  Brea :  Stock,  999. 
Nothrotherium,     Rancho     La'    Brea: 

Stock,  997,  998. 
Pinole  tuff  fauna :  Merriam,  715. 
Pliocene  faunas:  Merriam,  713;  Nom- 
land, 758. 
Rancho  La  Brea,  Bufo :  Camp,  162. 

Mylodon :  Stock,  996. 
Santa  Margarita  beds.  North  Coalinga 

region :  Nomland,  759. 

Petrology, 

Andalusite  mass.  Inyo  Range:  Knopf, 

593. 
Crestmore,    Riverside   County :    Eakle, 

818. 
Leona  rhyollte :  Clark,  197. 
Morro  Hill  lavas :  Waring  and  Waring, 

1097. 
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Oaliforala — Continued. 
Mineralogy. 

CrMtmore,    RUenlde   County:   Eakle, 

318. 
Durdenlte,  Calayem  County:  Larsen, 

614. 
Baklelte,  8t.  Inei :  Larson.  616. 
Qrlfflthlte:  Lanen  and  Stelser,  618.     « 
Labradorite,         avent  urine.         Modoc 

County :  Andenen,  18. 
Mamicot,     Ban     Bernardino     County : 

Laraen,  611. 
Underground  water. 

Morgan  Hill  area :  Clark.  202. 
Oil-fleld  waters,  San  Joaquin  Valley  : 

Roger*,   877. 

Oambriaa. 
BtratigrQphg. 

Arliona,  Warren  district :  Bonlllaa  el 

aX,  92. 
Arkansas,   Caddo   Gap  and   De  Queen 

quadrangles:  Miser,    737. 
British  Columbia,  Ross  Lake  section : 
Walcott.  1079. 
Ymlr  area.  West  Kootenay  district : 
Drysdale.  302. 
California :  Smith,  962. 
Colorado.    Gold    Brick   district:  Craw- 
ford and  Worcester,  238. 
CordlUeran      formations :  Walcott, 

1078. 
Idaho,  Mackay  region :  Umpleby,  1054. 
Maryland,      Tolcbester     quadrangle : 

Miller  et  al.,  730. 
Massachusetts :  Emerson,  321. 
Missouri,  Osark  region :  Buehler,   137. 
Montana,   Garrlson-Philiiwhurg   fields : 
Pardee,   780. 
Gordon   Mountain   section :  Walcott, 
1079. 
Mount      Whyte      formation :  Walcott, 

1077. 
New  Mexico.  Deming  quadrangle :  Dar- 
ton,  257. 
souttiern :  Darton,  258. 
New     York,     Adirondack     Mountains : 
Miller,   734. 
Edwards  district:  Newland,  753. 
Ogdensburg  region :  Cusblng.  245. 
Pennsylvania,       Cumberland  -  Lebanon 
Valley?  Stose.  1007. 
Lehigh  County:  .Miller.  728. 
Rocky     Mountain     region :  Tomllnson, 

1027. 
Vermont,  Calais,  East  Montpelier,  and 
Berlin  :  Richardson,  853. 
western :  Perkins,  794. 
Paleontology. 

Albertella  fauna:  Walcott,  1079. 
Mount  Whyte  fauna:  Walcott,   1080. 

Cawa^*  (general).    Bee  alto  name*  of  prov- 
inces, 
General. 

Bibliography,  Canadian  geology,  1915 : 

Malcolm,  683. 
Borings  division,  report :  Ingall,  508. 


Oaaada — Continued. 
Oeneral — Continued. 

Mineral     springs,     mdloactlTlty :  Sst- 

terly  and  Blwortiiy.  891. 
Mines   Branch,    report    1916:  Haase. 

411. 
National  parks :  Camsell,  166. 
Surrey     report    for     1916:  Melnom 

673. 
Sconomic. 

Coal,  eastern  Canada  :  Gray,  398. 
Iron  ore  occurrences:  TJndfaw,  63r*. 

Robinson,  867. 
Magnesite:  Freciiette,  357. 
Mineral     production,     1915:  McLeak. 

677. 
l>eCro)eum :  Miller,  731. 
Sands  and  sandstones :  Cole,  216l 

Dynamic  and  struct ural. 

Glaciers.   Rockies   and   Bel  kirks:  Coi«- 

man,  218. 
Weathering  phenomena :   Andr^,  11 

Stratigraphic. 

General :  Mather,  90gL. 

Paleontology. 

General :  Mather,  691. 

Invertebrate     paleontologist,     report 

Kindle.  578. 
Paleobotany,  report  on:  Wilson.  U>^ 
Vertebrate       paleontologist,       r«>port 
Lambe,  602. 
Mineralogy. 

Mineralogy,  report  on :  Johnston,  5C'^ 

Canal  Zone.     See  Panama. 

Oarboniferona. 

Stratigraphic. 

Alaska,  Tolovana  district :  Mertie,  1^ 
Alberta :  Adams  snd  Dick,  6. 
Amsden    formation,    Wyoming:    Brtt- 

son  and  Greger,  114. 
Arisona,     Navajo     country :     Gregorj. 

402. 
Warren  district :  Bonillas  et  ai,  91 
Arksnsas,   Caddo   Gap   and  De  Quk: 

quadrangles:  Miser.  737. 
Pottsvllle  formatloos :   Mather,  6S9 
British    Columbia,    Rossland    district: 

Bruce,  132. 
Burlington  limestone:  Tarr,  1015. 
California:   Smith,  962. 

Colfax  region :  Moody,  742. 
Colorado,   Gold   Brick   district :   Craw- 
ford and  Worcester,   238. 
northern :  Zlegler,  1187. 
Conemaugh  series:  (White),  Case.  17^ 
Granite      boulders      associated      «it' 

Pennsylvanlan   strata,    Kbdmi>: 

Twenhofel.  1043. 
Greenland,     northeastern :     GronwiH 

407. 

Idaho,  Mackay  region :  Umpleby.  lOM 
Illinois.  Ava  area:  St.  Clair,  887. 

Centralla  area:  St.  Clair,  888. 

Chicago,  Mlsslssipplan  bowlders: 
Davis,  263. 
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OarboBlfarou — Coiitinued. 
Stratigraphio — Continued. 
Chicago,  etc. — Continued. 

Colchester-Macomb  quadrangles : 

Hinds,  469,  470. 
Jackson  County :  Cadj,  151. 
Massac  County :  Shaw,  934. 
southern:   Brokaw,   121;   St.   Clair, 
886. 
Kansas,       Leavenworth      quadrangle : 

Hinds  and  Greene,  471. 
Kansas,   Silver  City  area:  Twenhofel, 

1044. 
Kentucky,  Irvine  field :  Shaw,  932. 
Maine,  southwestern :  Kats,  546. 
Massachusetts :  Emerson,  321. 
Michigan,    Detroit    district:    Sherzer, 

937. 
Montana,  Bowdoin  dome:  Collier,  223. 
Missouri,      Leavenworth      quadrangle : 
Hinds  and  Greene,  471. 
Smithville   quadrangle :    Hinds   and 
Greene,  471. 
Nevada,  Ely  district:  Spencer,  975. 
New    Hampshire,    southeastern :    Katz, 

546. 
New  Mexico,  Deming  quadrangle :  Dar- 
ton.  257. 
Pecos    Valley,    Permian :    Wrather, 

1174. 
southern  :  Darton,  258. 
Ohio :  Bownocker,  104. 

southern:  Stout,  1008. 
Oklahoma,  Pennsylvanian  :  Bloesch,  88. 
Pottsville  formations:  Mather,  689. 
southern :  Powers,  816. 
Pennsylvanlan-Permlan      stratigrapbic 

break :  Lee,  624. 
Red  beds:  Case,  177. 

age  and  origin,  southeastern  Wyom- 
ing :  Knight.  589. 
Rhode  Island :  Emerson,  321. 
Tennessee,     Waynesboro     quadrangle : 
Miser,  738. 
western :  Dunbar,  306. 
Texas,  Permian :  Wrather,  1174. 

Rustler  Springs  region :  Porch,  811. 
West     Virginia,     Braxton     and     Clay 
counties :  Hennen,  451. 
Braxton   and   Clay   counties:   Price, 

820. 
Ufflngton  shale  :  Price,  821,  822. 
Wyoming,    Big    Horn   Basin:    Hewett, 
461. 

Paleontology, 

'  Arctic  rpgions,  Ktinlg  Oscar  and  Hei- 
berg  Land :  Tschernyschcw  and 
Stepanow,  1036. 

Greenland,  northeastern,  Brachiopoda : 
GrSnwall,  407. 

Illinois,  Biazon  Creek :  Cockerel!,  214. 

Indiana,  Pennsylvanian  Plants :  Jack- 
son, 610. 

Linton  fauna,  environment :  Case,  178. 

Missouri,     Phelps     County,     Mississlp- 
plan :  Bridge,  118. 


Oarboniferons — Continued. 
Paleontologu — Continued. 
Montana,  southwestern,  Blastoidea  and 

Brachiopoda :  Clark,  201. 
Oklahoma,  Pawhuska,  footprints:  Jill- 
son,   523. 
Texas,    Richthofenla,    Permian :    B5se, 
91. 
Young  County,  Poikllosakos :  Watson, 
1102. 
West  Virginia,  Braxton  and  Clay  coun- 
ties: Price,  820. 
Cartography.    See  Maps. 

Oavaa. 

Indiana,  Versailles :  Bigney,  79. 
Mammoth    Cave,    Kentucky :     Nelson, 
750. 
Oeatral   America.     See   alto    Costa    Rica ; 
Guatemala,  etc. 
0eneral. 

Panama    straits,    ancient:    Dickerson, 
281. 
Stratiffraphie, 

General :  Dickerson,  281. 

Cephalopoda.     See  also  Molluscs. 

Ammonites.  Mesabl  range,  Minnesota: 

Wolff,  1166. 
Belemnitella    amerlcana   and    mucron- 
ata,  habitat :  Dorsey,  298. 
Cerium. 

General:  Schaller,  905. 
Chalmersite,  Prince  William  Sound,  Alaska : 
Johnson,  530. 

Cetacea.     See  Mammalia. 

Changes  of  level.    See  alao  Beaches ;  Shore 
lines ;  Terraces. 
Atlantic  coast  stability :  Johnson,  531. 
New  York,  Long  Island  :  Fairchild,  380. 
Vermont:  Fairchild,  327. 
Postglacial :  Fairchild,  327. 
Chemical  analyses.     See  list,  p.  135. 
Cheneosaurus  tolmanensis,  Edmonton  Cre- 
taceous :  Lambe,  603. 
Chert  in  Burlington  limestone,  origin  :  Tarr, 
1015. 

Chromic-iron   deposits,   nature   and   occur- 
rence :  Dolbear,  291. 
Ohromita. 

General:  Dlller,  287. 

Chromic-iron  deposits,  nature  and  oc- 
currence: Dolbear,  291. 
California:  Diller.  287. 
Quebec :  Dresser,  300. 

Thetford— Black  Lake  district  (Cole- 
raine  sheet)  :  Knox,  596» 
Chromium. 

General :   Rles,    864. 
California:  Boallch,   90. 

Classifloation. 

Breccias:  Norton,  762. 
Igneous  rocks :  Johannsen,  526. 
Metamorphic  rocks :  Miller,  735. 
Metamorphism :  Daly,  253. 
Minerals,     native     element:     Wherry, 
1120. 
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Olaisifloatloii — Continued. 

Ore  depoHits  *  Qulrkr.  828. 
Boulder  bathollth.  Montana  :  Bllllngs- 
loy  and  Grimes.  80. 
Petroleum     and     natural     gas     fields: 

.  Clapp.  105. 
Rcptllia  :  Willlston.  1148. 
Underground     volntllo    agents:     Daly, 
252. 


Ries    and 


Clay.    See  also  Fire  clay. 

General  :  Richardson,  854. 
Origin,    Piedmont    clays : 

Somers,   865. 
California,  Temescal,  Riverside  County  : 

Merrill,    716. 
Illinois,  Union  County.  Mountain  Glon : 

St.  Clair,  889. 
Louisiana  :  Matson,  695. 
South   Dakota,   Pierre   formation,   clay 

derived     from     volcanic     dust : 

Wherry,  1121. 
Texas,  dolomitic  :  Ries,  863. 
Virginia,  Piedmont  province :  Ries  and 

Somers,  865. 

Climate,  geologic.     Sec  Paleoclimatology. 

Climate,    Influence   on    ore   formation :    Au- 
bouin,  'M. 

Climatic     pulsations,     llthologic     evidence  : 
Vail,  1058. 

Coal.     .Vcf  alHo  Anthraclto:  Lignito. 

General :  Gilbert,  375 :  Stevenson.  991. 
ClasKiflcation  :  Campbell,  165. 
Coal  bods,  burning  :  Rogers,  874. 
Cost :  Smith  and  Lt'shcr,  901. 
Fonnk(»hl«»,  (>ri>;in  :   St«»vonson.  992. 
Interrelations  of  fos.sll  fuels  :  Stoven- 

son.  991. 
Origin  and  formation  :  Jeffrey.  521. 
Parallelism    of  east«'rn   and   western 

interior  llelds  :  Keyes.  .'576. 
Water    content  :    Mack    and    Ilulett, 
674. 
Alberta.  Crowsn^st  firld  :  Kose.  880. 
Dnimhellcr  aroa  :  Dowling,  297. 
foothills  north   of  Grand  Trunk  Pa- 

oitic  railway  :  MacVlcar,  081. 
southern  :  Dowlin;:.  296. 
west  central  :  Stewart,  993. 
British    Columbia.    Elk    Valley;    Rose 

879. 
Canada,  eastern  :  (iray,  30S. 
Colnradn.      Yjiiupa      rteld  :      Whiteside, 

1 1 ;}.".. 
Illinois  :  Youni:.  ll.sr>. 

Colch<>>ter  and  Maoomb  quadranKloa: 

Hinds.  470. 
Gillc'spie     and     Mount 
ranub's  :  L«'e.  ri23. 
Jackson  ('<iuniy  :  Cady 
Massac  County  :  Shaw, 
Kansas.       L<'avcn  worth 

Illnfls  and  (ircene,  471. 
Kpntu«ky.  Harlan  County:  llodp-.  473. 
Missouri.      Vavcnwortb      quadranglp  : 
Hinds  and  Greene,  471. 


Olive    quad- 
mi. 
034. 
quadranjjle  : 


Coal — Continued. 

Missouri— Contlnaed. 

Smithvllle    qaadran^rle:    Rinds  and 
Greene,  471. 
Montana.    Bull    Mountain    coal   fifld: 

Wtwlsey  et  al,  1173. 
Nebraska  :  Barbour,  38. 
New   Brunswick  :    Brown.    128 :  Gnj, 

398. 
Nova  Scotia  :  Brown.  128  ;  Gray,  3M. 
Ohio :  Bownocker,  104. 
southern :  Stout  1008. 
tonnage:  Clark.  198. 
Tennessee.  Pikevllle  quadrangle :  Bntti, 

149. 
I'nlted    States:    Campbell,    164.   1C5; 

Stevenson,  991. 
Western  coal  deposits :  Kirk,  (*83. 
West  Virginia,  Braxton  and  Clay  coua^ 
ties :  Hennen,  451. 
Coal  measures.     See  Carboniferous. 
Coastal  salt  domes :  A^ennedy,  56a 

Cobalt. 

Ck^neral :  Hess,  455. 

Colorado. 
Economic. 

Bonanza    district,    Saguache    County: 

Patton,  787. 
Central   City  quadrangle:   Basthi  ud 

Hill,  53. 
Coal.  Yampa  field:  Whiteside,  1135. 
Cripple  Creek.  Cresson  bonanias :  Pit- 
ton.  788. 
Gilpin  County :  Bastin  and  Hill.  53. 
Gold  Brick  district.  Gunnison  Countj: 

Crawford  and  Worcester.  23^ 
Manganiferous     Iron     ore.     Red    nil 

Eagle  County  :  Urapleby,  105»». 
Oil     shale.     Green     River     formation: 

Winchester,  ll.'>8. 
Dynamic  and  structural. 

FoothilKs  structure,  northern  Colorado: 

Zlegler,  1187,  1188. 
Physiofiraphic. 

Gold  Brick  district.  Gunnison  County: 

Crawford  and  Worcester,  23S. 
StratigrapJiic. 

Bonanza    district,    Saguache    County: 

Patton,  787. 
Central    City    quadrangle:    Bastin  and 

mil,  53. 
Eocene    glaciation.    Summitville  quad 

ranple:  Atwood,  29. 
Foothills     structure,     northern     Colo- 
rado :  Ziogler.  1188. 
(Jilpln  County  :  Bastin  and  Hill.  TiS. 
Gold  Brick  district,  (>unnison  Count.v: 

Crawford    and    Worcester,   2.S9. 
Morrison    and     Sundance     formations, 

relation  :  Lee,  62.'>. 

Nortljorn  Colorado:  Zlegler,' 1187. 
Rocky     Mountain     region,     Paleozoic: 
Tomllnson,  1027. 

t"'cranton     coal.     Denver    Basin,    tfe: 
Richardson,  SCO. 
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Colorado-— Contlnaed. 
Paleontology. 

Florissant,  bird  remalDB  :  Shnfeldt,  043. 
Inaecta:  Cockerell,  212.  213. 
beetles:  Wickham,  1139. 
Diptera:  Cockerell,  211. 
Petrology. 

Bonanza    district,    Saguache    County : 

Patton,  787. 
Central   City   quadrangle :   Bastln  and 

Hill,  53. 
Gilpin    County:   Bastln   and    Hill.    53. 
Gold  Brick  district,  Gunnison  County : 
Crawford   and   Worcester,   238. 
Mineralogy. 

Gilpinlte,  Gilpin  County :  Larsen  and 

Brown,  617. 
Hal loy site.  Wagon  Wheel  Gap :  Larson 

and  Wherry,  619. 
liBTerrierite,    Saguache    County:    Lar- 
sen and  Wherry,  620. 
North  Table  Mountain:  Wilson,  1150. 
Rare  mineral  occurrences:  Hills.  468. 
Rhodochrosite,  Lake  County :  Wherry. 

1117. 
Telluride   (calaverlte),  Cripple  Creek: 

Duce,  305. 
Thuringite :  L«arsen  and   Stelger,  618. 
Underground  water. 

San  Luis  Valley :  Headden,  444. 
Columbium. 

General :  James,  520. 

Concretions.  • 

« 

NebrasluL,     Burnham,     Dakota     clays : 

Burnett,  145. 
Ohio,    Greenfield    limestone:    Napper, 

746. 
Origin:  Moore,  743. 
Conglomerates. 

Classification :  Moody,  742. 
Congresses.     See  Associations. 
Conneotiout 
Oeneral. 

Report  of  Survey,   1915-16 :   Gregory, 
401. 
Phyeiographio. 

Marine  terraces,  southeastern  Connec- 
ticut:  Hatch,  428. 
Mineralogy. 

General :  Hoadley,  472. 
Copper. 

General :  Emmons,  320 ;  Weed,  1108. 
Enrichment    of    ore    deposits :    Em- 
mons, 324. 
Alaska:  Brooks,  124. 

Copper  Rives  basin  :  Moflit.  739. 
Prince     William     Sound :     Johnson, 
528. 
Latouche  and  Knight  Island   dis- 
tricts :  Johnson,  529. 
Seward  Peninsula  :  Mortie,  722. 
Arctic  region :  O'Neill,  765. 
Arizona :  Helkes,  446. 

detrltal  deposits :  Tovote,  1028. 
Patagonio  district :  Schrader,  908. 
Santa  Rita  district :  Schr&der,  90S. 
Warren  district :  Bcuillas  ct  at.,  92. 


Copper — Continued. 

British     Columbia,    Phoenix    district; 
Rlckard,  862. 
Vancouver     and    adjacent    islands: 

.Brewer,  117. 
Vancouver   Island,   Sooke  and   Dun- 
can areas :  Clapp,  193. 
California  :  Yale,  1183. 

Bngels :    Graton     and     McLaughlin, 
897. 
Colorado,     Central     City     quadrangle: 

Bastin  and  HUl,  53. 
Cuba,  Orieqte,  Cobre :  Cla,  192 ;  L6pez, 
649. 
Santa    Clara,    Manlcaragua:   Usera, 
1057. 
Eastern  States  :  Hill,  465. 
Idaho,  Mackay  region  :  Umpleby,  1054. 
Manitoba :  Campbell,  163. 

Flln-Flon  Lake:  Calllnan,  158. 
Mexico,  Puebla,  TezlutULn :  G6mez,  887. 
Michigan :  Hopper,  492. 
Montana :  Helkes,  447. 
Nevada,  Ely  district :  Spencer,  976. 
New  Mexico :  Henderson,  449. 
North     Carolina,     Vlrglllna     district: 

L&ney,  608. 
Ontario,  Massey  mine :  Lincoln,  638. 
Oregon  :  Yale,  1183. 
South  Dakota :  Henderson,  460. 
Texas :  Henderson,  449. 
Utah,  Deep  Creek  district :  Custer,  248. 

Ophir  district:  Loughlin,  651. 
Vermont :  Jacobs,  512. 
Virginia.  Virgilina  district :  Laney,  608. 
Washington,  Okanogan  County  :  Handy, 

418. 
Wyoming :  Henderson,  450. 

Corals.     See  Anthozoa. 

Correlation.     See  Stratlgraphlc. 

Corsica na  oil  and  gas  field.  Texas :  Matson 
and  Hopkins,  697. 

Coita  Rica. 
Economic. 

Manganese :  Yonge,  1184. 
Paleontology. 

Echini :  Jackson,  509. 

Cretaceous. 
Correlation. 

Montana  and  Wyoming:  Hares,  424. 
Stratigraphy. 

Alberta,      Athabasca     River     section : 
McLearn.  676. 
Crowsnest  field :  Rose,  880. 
foothills  north  of  Grand  Trunk  Pa* 

ciflc  railway :  MacVlcar,  681. 
southern :  Dowllng.  296. 
Arizona,  Navajo  country  :  Gregory,  402. 
Warren  district :  Bonillas  et  al.,  92. 
British    Columbia.    Telkwa    River    dis- 
trict: Dolmage.  292. 
Vancouver  Island,  Sooke  and  Duncan 
areas :  Clapp,  193. 
California  :  Smith,  902. 

Marysville  Buttes  :  Dickerson,  J(82. 
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Cr«tao«ow— Continued. 
Btraiigraphif — Continaed. 

Colondo,  northern :  Ztegler.  1187. 
Georirla»  Constat  PUln :  Bhenrer,  980. 
Ulinoli,  noutbern:  Shaw,  984. 
LouisUnn,    De    Soto-Red    RWer   field: 

Ifntnon  and  Hopkins.  096. 
Maryland,       Tolchester      quadrangle : 

Miller  et  ai,,  780. 
Massachusetts :  Emerson,  821. 
Mississippi :  Stephenson.  989. 
Montana,    Blackfeet    Indian    Resenra- 
tion :  Steblnger.  984. 
Bowdoin  dome :  Collier.  228. 
Bull    Mountain    coal   field :   Woolsey 

et  al.,  1178. 
Garrtson-Phllipsburg   fields:  Pardee, 

780. 
Two  Medicine  formation :  Stebinger. 
986. 
Montana    and    Wyoming,    corrriation: 

Hares,  424. 
Morrison  and  Sundance  formations,  re- 
lation :   Lee,  025. 
Morrison    formation,    age:    Schachert, 

912. 
New  Mexico,  Deming  quadrangle :  Dar- 
ton,  2G7. 
NaTaJo  country :  Gregory,  402. 
North  Dakota :  Leonard.  038. 

volcanic  ash  bed  :  Stanton,  982. 
Tennessee,    McNairy    County :     Wade. 
1072. 
Waynesboro  quadrangle :  Miser,  738. 
Texas.    Corsicans    field :    Matson    and 
Hopkins,   097. 
Palestine  salt  dome :   Hopkins,  480. 
Thrall  oil   field:    ITdden  and   Bybec, 
1050. 

Tuscaloosa  formation  :  Wade,  1073. 
delta  character :  Berry,  07. 

Wyoming:  TrUmbuU,  1035. 
Big  Horn  Basin  :   Hewett,  401. 
Byron  fleld  :  Ziegler,  1189. 
Frontier  formation  :  Knowlton,  505. 
Oregon  Basin  field  :  Ziegler,  1190. 

Paleontology. 

Alberta,  Choneosaurus :  Lambe.  003. 
KdmoDtosaurus,     Edmonton     forma- 
tion :   Lnmbe,  004. 
Oorgosaurus :  Ijaiube,  001. 
Routhcrn  :  Dowling.  2H0. 
Arkausas.  Itingen  saud,  Plante :  Berry, 

KaDsas,  Ogmodinis   (plesiosaur)  :  Wil- 

lIstuD.    1140. 
Montana,     Two     Medicine     formation, 

Roptilia  :  Gilmore,  378. 
Ripley  fauna,  Tennessee:  Wade,  1072.- 
South    Ihikota.    Brachyura :    Rathbun. 

831. 
Tennessee.   Busycon   oretaoeum  :   Wude, 

1075. 

Gastropoda  :  Wade,  1070. 
McNairy  County,  Gastropoda :  Wade. 
1071. 


Paloofitoloinf — Contlniied. 
Texas,  Vertstorata :  Ha#,  4S2. 
Wyoming,  Prontlw  fortoatloii :  KmsI. 
ton,  595. 

OrlBoldaa.     Bee  olso  Echlnodemuita. 
Camarocrlnna :  Springer,  97& 
Bmbyro   crinold.   atmctural  fcatoni: 

Hadaon,  500. 
Scypbocrinus :  Springer,  978. 


( 


Bibliography,  Paleoaolc :  Vogdes,  1071. 
Brachyura   (crabs),  Cretaceons,  8Mtk 

Dskota:  Rathbun,  881. 
CalifornU,    Pliocene,    crab:   BstUm. 

832. 
Pa]»opal»moii     lowaoala,    KIndcrboak 

•Iwl^  Burlington :  WaIttr,lMS. 
OryoUta. 

General:  Bvrehard,  188. 
Cryptogama    Bee  Paleobotany. 
Ofjstallography. 

General:  Wintrlgham,  1161. 
Apatite  crystal,  Anbnrn :  Ford.  VSL 
Crystal  drawing  and  modeling :  Bltb^ 

84. 
Growing  crystahi,   Hnear   force:  Htf- 

tetter.  4M. 
Plotting  crystal  sonea  on  the  w^bm\ 

Blake.  88. 
Pressure     phenomena      accompsnyiig 

gronfth  of  crystals:  Tkber,10U. 
Pyromorphite,  crysCala :  Shannon.  9Si. 
Spencerlte,  crystal  form:  Walker,  1081 
Cuba.    See  alno  West  Indies. 
Economic. 

General:  Hayes  ei  al,  440. 
Climate,   Influence   on   ore   fonnitioB: 

Aubouin,   81. 
Copper,  Cobre.  Oriente :  Cla.  102 :  lA 

pez.  040. 

Manicaragus.    Santa    Clara:   Uien, 
1057. 
Iron:  Little,  044. 
Flrmeza  district,  Oriente  ProTin«: 
Roesler,  871. 
Petroleum,    Bacuranao :    BrOdermim. 

120. 
Puerto  Principe:  Aubouin,  82. 
ifitratigraphic. 

General :  Hayes  et  al,  440. 
Flrmeza     district,     Oriente     Province: 
Roesler,  871. 

Paleontology. 

Mammalia:  Allen,  13. 

Isle  of  Pines:  Peterson.  797. 
Petrology. 

Flrmeza    district,    Oriente     Prorliu*: 
Roesler,  871. 
Current  ripples:  Bucher,  135. 
Decomposition   of   rocks.     See   Weatherinc. 
Definitions.     See  also  Nomenclature. 

Metamorphism :  Daly,  258. 
Delaware. 

Stratigraphie. 

Greensand  deposits:  Ashley,  27, 
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Denudation.     See  BrosIoD. 
Deposition.     See  Sedimentation. 
Deposition     of    ores.     See    Ore    deposits, 

origin. 
Dermolith :  Jaggar,  617. 
Bevonlan. 

8  traiiffraphy, 

Alaska,  Tolovana  district :  Mertle,  720. 
Alberta,  Athabasca  River  section :  Mc- 

Leam,  676. 
Arizona,  Warren  district:  BoniUas  et 

al,  92. 
Arkansas,   Caddo   Gap  and   De  Queen 

quadrangles :  Miser,  787. 
California :  Smith,  962. 
Colorado,  Gold  Brick  district:  Craw- 
ford and  Worcester,  238. 
Idaho,  Mackay  region :  Umpleby,  1054. 
Kentucky,  Irvine  field :  Shaw,  982. 
Massachusetts:  Emerson,  321. 
Michigan,    Detroit    district:     Shener, 

987. 
Nevada,  Ely  district:  Spencer,  975. 
New  Mexico,  Deming  quadrangle :  Dar- 
ton,  257. 
southern  :  Darton,  258. 
Ohio:  Verwiebe,  1067. 

Olentangy  shale :  Grabau,  393. 
Pennsylvania :  Verwiebe,  1067. 

Helderberg  limestone :  Reeslde,  841. 
Bocky   Mountain   region :     Tomlinson, 

1027. 
Tennessee,     Waynesboro     quadrangle : 
Miser,  738. 
western:  Dunbar,  806. 
Tully  limestone  and  Genesee  shale,  re- 
lations: Grabau,  302. 

Paleontolofnf. 

EUesmere     Land,     Devonian     corals : 
Loewe,  645. 
Devonian  fishes :  Klier,  577. 
Helderberg    limestone,    Pennsylvania : 

Reeslde,  841. 
Tennessee,        Rensselierina,        Linden 
shale :  Dunbar,  307. 
Diamonds. 

California:  Storms,  1005. 
Diatoms. 

Mexico :  Diaz  Losano,  277. 
Dikes. 

New  York,  Blue  Mountain  quadrangle : 

Miller,   733. 
Vermont,  Calais,  Bast  Montpelier,  and 
Berlin:  Richardson,  853. 
Dlnosaurla.    See  Reptilia. 
Dtp  protractor:  Wentworth,  1111. 
Distribution.     See  Geographic  distribution. 
Dislocations.     See  Faulting. 
Dlstriot  of  Golumbla. 
Phusiographic. 

General:  Wherry,  1119. 
Petrology. 

Igneous  and  metamorphlc  rocks :  Fen- 
ner,  336. 
Dolomite. 

Origin:  Steldtmann,  987. 


Domea 

Coastal  salt  domes :  Kennedy,  560. 
Downwarping  along  Joint  planes:  Burling, 

141. 
Drainage  changes. 

Iowa :  Leighton,  628. 
New  York,  Adirondack  Mountains :  Ifll- 
ler,  734. 
upper  Hudson  Valley  :  Fairchild,  329. 
Washington  :  Keyes,  566. 
Dunes. 

Indiana:  Bailey,  33. 
Dunkleberg      mining       district.       Granite 
County,  Montana:  Pardee,  781. 
Dynamic  and  struetural  (general).     For  re- 
gional, see  the  varioue  States, 
See  also  list  of  subject  headings 
on  p.  90. 
Baked  shale  and  slag  formed  by  burn- 
ing of  coal  beds :  Rogers,  874. 
Chert  in  Burlington  limestone,  origin : 

Tarr,  1015. 
Deformation    of   limestone:    Newland, 
752. 
of  rocks :  Adams  and  Bancroft,  4. 
of  unconsolidated  beds :  Kindle,  581. 
Downwarping  along  Joint  planes:  Bur- 
ling, 141. 
Friction     and     limiting     strength     of 

rocks:  King,  582. 
Geosyncline,    western    Interior:     Van 

Tuyl,  1061. 
"  Giant    ripples,"    formation  :   Bucher, 

134. 
Metamorphorism,    phases    and    defini- 
tions: Daly,  253. 
Mud  cracks :  Kindle,  579. 
Recurrent     tetrahedral     deformations 
and    Intercontinental    torsions : 
Emerson.   322. 
Ripple  mark:  Kindle,  580. 
Rocks,    internal    friction    during    de- 
formation       and        plasticity : 
Adams  and  Bancroft,  6. 
Salt  crystals,  growth:  Long,  647. 
Silica,  deposition :  Llndgren,  641. 
Water,  geologic  rOle:  Fairchild,  328. 
Earth,  genesis  of.     See. also  Dynamic  and 
structural    (general). 
General :  Chamberlin,  189 ;  Lees,  627. 
Planetesimal  hypothesis :  Lees,  627. 
Earth  movements.     See  Landslides. 
Earthquakes.     See  also  Seismology. 
General :  Branner,  109. 
Alabama.    October    18,    1916:    Finch, 

345;  Hopkins,  484. 
California,  1916 :  Palmer,  777. 

registration,  April   1-September  30, 
1916:   Davis,  261. 
registration,  1916-17 :  Davis,  262. 
Santa     Barbara     channel :     Mattel, 

698. 
southern  and  eastern :  Hamlin,  417. 
Tejon  Pass,  1916:  Branner,  110. 
Iowa,  April  9,  1917  :  Kay,  555. 
January  30,  1917 :  KloU,  585. 
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SarthqiwkMi — Continiied. 

Mexico.  NoTttmber  12,  1012;  MontM- 
ras  de  Ballore,  740. 

lllnonrt,  April  9.  1917:  Finch,  846, 
847;  Palg«,  776. 

Nortb  Carolina,  Aufust  26:  Finch, 
844. 

Panama,  Almlrante,  April,  1916 :  Beid, 
846. 

United  Statea,  1916:  Humphi^ys.  504. 
Bchlnodermata.       Bee     Asteroldea ;  .  Blas- 
toldea ;    Crinoldea ;    Cyatoldea  : 
Bchlnoidea. 
Xehinoidea. 

California,  Tertiary:  Kew,  661. 

Costa  Rica:  JarkRon,  609. 

Hezico.  northeaiitem :  Dlckerson  and 
Kew,  283. 

Panama  Canal  Zone:  Jackson,  609. 
SoMomio  (general).     For  regional  wee  un- 
der   the    vwrioue    Btotee.    See 
aUo   Ore   deposits,   origin,   otid 
the  parttcular  produete. 

General:  Mclieod,  679. 

Classification  of  ore  deposits:  Quirke, 
828. 

Common  minerals  and  rocks :  George, 
871. 

Enrichment  of  ore  deposits:  Emmons, 
824. 

Exploration  of  metalliferous  deposits : 
Emmons,  826. 

Geology,  relation  to  oil  industry:  Mc- 
Dowell, 670. 

Gneisslc  galena  ore,  British  Columbia : 
I'glow,  1051. 

Public  interest  in  mineral  resources : 
Smith,  959. 

R61e  of  minerallsers  In  ore  segrega- 
tions in  basic  igneous  rocks: 
Singewald.  950. 

Bilver  ores,  microscopic  study:  Guild, 
409. 

Useful  minerals:  Schrader  ct  al.  J)10. 

Yelnlets  in  sedimentary  rocks,  origin  : 
Taber,  1010. 

Zonal    growth    In    hematite:    Sosiiian 
and  Hostetter,  974. 
Bdmontosaurus    regalis.    Edmonton    forma- 
tion :  I^mbe,  604. 
Ely  district,  Nevada  :  Spoucer,  075. 
Enrichment  of  ore  deposits  :  Kminons.  324. 
Eocene.     Sec  Tertiary. 
Eolian  action.     See  WIndwork. 
Epicene    profiles    in    desert    lands :    Kcyos, 

572. 
Erosion. 

California  :  Gilbert,  870. 

Grand  Canyon  :  Darton,  260. 

Ontario  shore  line,  age  and  origin : 
Spencer,  976. 

Pennsylvania.  Siisqu«'hnnna  River : 
Mathews,  694. 

Eruptive  rockn.     See  Igneous  and  volcanic 

rocks. 
Essays.     See  Addresses. 


Btcbegoln     PUocaie.     Biddte    GUttmii: 

Nomlaiid,  T08. 
KvolstlOB. 

General :  Osbom,  768 ;  Boott,  91& 
Genetics    Tersm    paleontology:  Giff> 
ory,  406. 
Ezonrslons* 

American  Association  of  State  Gcoli> 
gists,  field   trip  In  OklahoBt: 
Hotchkisa,  496. 
Xzporimsntal  Invostlcatlona. 

Deformation    of    rocks:    Adams   ul 
Bancroft,  4. 

Faultinf. 

Cap-au-Gr4s  fault:  Keyea,  668. 
Colorado,     northern :     Zlegler.    lUT, 

1188. 
Hawaiian  Islanda:  Fowers,  814. 
Ontario,    Bspanola    district:    Qairti, 
827. 

Taldspax. 

General:  Katx,  548. 
Fertilisers:  Pogue,  809. 
FIro  olay. 

Illinois,  Pennsylranla  :  Lines,  642. 
Union  County,  Moantaln  Glen:  8L 
Clair,  889. 
Pishes.     See  Pisces. 
Fissures,     ^ee  Faulting; 
Florida. 
Economic. 
MInerAl  industries,  1916 :  Sellardf.  01T. 
Rare  mineral  deposit :  Lfddell,  637. 
Tallabaasee  region :  Sellards,  919. 
Phjf^iofjrapMc. 

Tallahassee  region :  Sellards.  919. 
Stratif/raphir. 

Orthophra^mina.    stratlgraphlc   vatoe: 

Cooke.    232. 
Tallahassee  region :  Sellards.  919. 
Vero :    Berry,    77 ;     Chamberlin,    186, 
1«7:    Hay,   436;    Sellards.  920, 
922 ;  Vaughan,  1063. 
Paleontolopy. 

Aves,  Vero:  Shufeldt.  941,  942. 
Human  remains,  Vero:  Hrdli^ks,  497; 
MacCurdy,    668;    Sellards.  918. 
920. 
Megatherium  :  Matthew,  70.*V 
riantip.  Vero:  Berry,  Q\  66,  77. 
Vertebrata.  Vero :  Hay,  4:J5,  436 :  Sel- 
lards.   920,   921. 

Fluorspar. 

(lenoral :    Rurchard.    1H8. 

Folding. 

Colorado,  northern  :  Zle;rler,  1187, 1188. 
New  Urunswick,  gypRum  deposits:  An- 

dr«^o.  19. 
Ontario.     Kspanola     district :     Quirke, 

827. 
Vertical    componont   in    local    foldlnf: 

Gardner.  803. 

Footprints. 

Carson   footprints,   origin  :   Stock,  995. 
Connecticut  Valley:  Lull.  656. 
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Footprinta — Con  tinned. 

Dinosnar    tracks   In    Glen    Rose    lime- 
stone :  Hbuler,  944. 
Oklahoma,  Pennsylvanian  :  JlUson.  523. 
Protlcbnites       and       Climactlcbnites : 
Burling,  144. 
Foraminlfera. 

Orthopbraf?mlnn,  Georgia  and  Florida  : 
Cusbman.  'J47. 
Btratigrapbic  value :  Cooke,  2H2. 
Trinidad,  OrMtoides :  I)oiivill6,  295. 
Fossils.      See  Paleontology. 
Fuller's  earth. 

General  :  Middleton,  726. 
Georgia,  Coastal   Plain  :   Sbearer,  9:i6. 
Oallinm. 

Goneral :  Browning,  131. 
Oastrollths. 

Wyoming,   Cloverly   formation :   Hares. 
423. 
Gas.     See  Natural  gas. 
Gastropoda.     See  alao  MoUusca. 
Amastra,  Hawaii :  Cooke,  231. 
Busycon   crotacouni,  Tennessee :   Wude, 

1076. 
Euconospira,      color-marked :      Gregor, 

400. 
Tennessee.  Cretaceous :  Wade,  1070. 
McNalry  County,  Cretaceous :  Wade, 
1071. 
Genu. 

Arizona :    Culin,   242. 
Genesis  of  ores.     See  Ore  deposits,  origin. 
Oeoohemistry. 

Analyses   of  igneous   rocks :   Washing- 
ton,  1100. 
DIarsenides     as     silver     precipitants : 

Palmer,  778. 
Echlnoderms,      analyses ;  Clarke     and 

Kamm,  206. 
Greensand,    analysis,    metbods:  Hicks, 

462. 
Interpretation     of     water     analyses : 

•       Rogers,   873. 
Invertebrates,   inorganic   constituents : 

Clarke  and  Wheeler,  207. 
Melilite    and    gehlenile,    constitution : 
Clarke,  205. 

Geographic  distribution. 
Deer:  Matthew,  702. 
Panama      ancient     canals :  Dickerson, 
281. 
Geolofdc  climate.     See  Paleoclimatology. 
Geologic  formations  described.     See  list,  p. 

1S9. 
Geologic   history.     See  also    Paleoclimatol- 
ogy ;  Paleogeograpby. 
Alaska,    central,    Quaternary    history : 

Eakln,  309. 
Arizona,   Warren  district :  Bonlllas  et 

ah  92. 
British    Columbia,    Rossland    district : 
Bruce,   132. 
Ymir  area  West  Kootenay  district : 
Drysdale.  302. 
California:  Smith,  902. 

Berkeley  region:  Clark.  197. 


Geologlo  historj — Continued. 

Marysville  Buttes :  Dickerson,  282. 
Colorado,     Central     City    quadrangle: 
Bastin  and  Hill,  58. 
Gold   Brick   district:  Crawford   and 
Worcester,  238. 
Cuba :  Hayes  et  al.,  440. 

Oriente   Province,   Firmeza  district : 
Roesler,  871. 
Florida,   Tallahassee    region :  Sollurds, 

919. 
Geosyncline,     western     interior ;     Van 

Tuyl,  1061. 
Grand  Canyon:  Darton,  260. 
Iowa,  northwestern :  Carman,   175. 
Kansas,       Lc>avenwortb       quadrangle : 

Hinds  and  Greene,  471. 
Maine,  Watervllle:  LltUe,  643. 
Maryland,       Tolcbester       quadrangle : 

Miller  et  al.,  730. 
Massachusetts :  Emerson,  321. 
Michigan,     Detroit     district:  Sherzer, 

937. 
Missouri,      Leavenworth     quadrangle : 
Hinds  and  Greene,  471. 
Smlthville    quadrangle :  Hinds    and 
Greene,  471. 
Montana,   Boulder  batbolith:  Billings- 
ley  and  Grimes,  80. 
Cretaceous :  Thom,  1020. 
Garrison- Pbillpsburg    fields  :  Pardee, 
780. 
Nevada,    Big   Smoky    Valley :  Melnzer, 

709. 
New     Mexico,      Deming     quadrangle : 
Darton,   257. 
southern :  Darton,  258. 
New     York,     Adirondack     Mountains : 
Miller.   734. 
Blue    Mountain    quadrangle :  Miller, 

733. 
Ogdensburg  region  :  Cusblng,  245. 
North     Carolina,     Virgllina     district: 

Laney,  608. 
North    Dakota :  Leonard,   633. 
Oklahoma,  southern  :  Powers,  816. 
Pennsylvania,   Lehigh   County:  Miller, 
728. 
Susquehanna    River:  Mathews,    694. 
Quebec,      Northern      Transcontinental 
Railway,        Hervey       Junctlon- 
Doucet :  Bancroft,  37. 
Thetford-Black   Lake  district    (Cole- 
raine  sheet)  :  Knox,  596. 
Rhode  Island :  Emerson,  321. 
Rocky     Mountain     regioti :  Tomllnson, 
1027. 

Rocky  Mountains,  Canadian :  Allan, 
11 

Tertiary  :  Berry,  72. 

Utah,  Lake  Bonneville  region  :  Keyos. 
573. 

Virginia,  Virgllina  district :  I-aney. 
608. 

Washington,   Cascades :   Geballe,   369. 

Wisconsin,  Devil's  Lake  region :  Trow- 
bridge. 1031. 
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0««loffte  kiitory — Contiiiiwd. 
Wjomlnf :  Tramball,   1086. 
Bjron   Held:  Slefler,    1189. 
Or^on  Basiii  field :  Zleffler,  1190. 
fleotogie  amps. 

AUtwma:  Smith,  966. 

Hatchetlfbee      anticllBe :      Hopkins, 
488. 
Alaflks,  Anvlk-Andrcafakl  region  :  Har- 
rington, 426. 
Copper  Blver  basin,  economic :  Mof- 

flt,   780. 
Kantisbna  region:  Capps,  174. 
Kennicott  region  :  Mofflt,  789. 
Porcupine  district :  Kokin,  311. 
Prince  William  Sound.  Latonche  and 
Knight   Island   districts:  John- 
son, 529. 
Tolovana  district :  Mertle,  720. 
Alberta,    Mountain    Park    coal    area: 
Stewart,  998. 
southern :  Dowling,  296. 
Arctic  regions,  EUesmere  Land:  Kier, 

677. 
Arisona,     Mohave     region:  Schrader, 
909. 
Mule  Mountains :  BonlUas  et  al.,  02. 
Warren  district:  Bcnillas  el  al.,  02. 

British  Columbia,  Kootenay  district, 
Slocan  area :  Drysdale,  808. 

Yancouyer  Island,  Sooke  and  Dun- 
can areas :  Clapp,  198. 

Tmlr  area.  West  Kootenay  district: 
Drysdale,  302. 

California,  Camulos  quadrangle:  War- 
ing, 1088. 
Colfax  region  :  Moody,  742. 
Colorado  Desert:  Vaughan,  1064. 
McKittrlck  district :  Gester,  372. 
Modoc  County :  Tucker,  1041. 
San  Benito  County,  New  Idria  dis- 
trict :  Bradley  and  Logan,  107. 
Canada,   iroli   ore  occurrences :  Linde- 

man,  639. 
Coal,  United  SUtes :  Campbell.  105. 
Colorado.     Bonanza     district:  Patton. 
787. 
Gold    Brick   district:  Crawford   and 
Worcester,  238. 
Cuba:  Hayes  et  al,  440. 

Orlentp  Province,   Flrmeza  district : 
Koesler.   871. 
Florida,   Tallahassee   region  :  Sellards. 

919. 
Georgia,  Coastal   Plain:  Shearer,  930. 
Idaho.  Mackay  region:  Umpleby,  1054. 
Illinois,     Colcbester-Macomb    quadran- 
gles :   Hinds.  469. 
Iowa,   northwestern.  Pleistocene :  Car- 
man, 176. 
Pleistocene  :  Alden  and  Lelghton,  10. 
Kansas,       Leavenworth       quadrangle : 

Hinds  and  Greene.  471. 
Kentucky,  northeastern  :  Shaw,  932. 
Louisiana :  Matson,  095. 


Oaalagia  maps-^-ContUiaed. 

Maine,  southwestern :  Kats,  6M 
Manitoba,  Big  Clearwater  Lake 


Schist  Lake  district :  Brace, 
Wewusko  Lake  area  :  Brace,  1 
Maryland,      Tolchester      gosdi 

MiUer  et  ai.,  780. 
Masachusetts :  Emerson,  821. 
Michigan  :  Allen  et  al.^  16 ;  Smlt 
Detroit  district :  Shcrser,  987, 
Minnesota     snrfk,ce     formatloaB 
erett  and  Sardeson,  686.  ( 
Mississippi,   western:    Wade,  10 
Missouri.     Leavenworth     qnadr 
Hinds  and  Greene,  471. 
Osark  region :  Bnehler.  187. 
SmlthviUe    quadrangle:  Hindi 
Greene,  471. 
Montana,    Blackfeet    Indian    Bi 
tion :  Stebinger,  964. 
Bowdoin  dome :  Collier,  228. 
Bull   Mountain   coal   field:  W 

et  ia.,  1178. 
Garrison    phosphate     field:  F 
780. 
Navajo  country :  Gregory,  402. 

Nevada,   Big  Smoky   Valley:  M< 
709. 
Ely  quadrangle  :  Spencer,  975. 
Manhattan  district:  Fergosoa 
New  Hampshire,   southeasten: 

646. 
New     Mexico,     Demlng     quadn 
Darton,  267. 
southern:  Darton,  268. 
New  York,  Blue  Mountain  quadn 
Miller,  733. 
Long  Island :  Falrchild,  380. 
Ogdensburg  region  :  Cushing.  2 
Saratoga  district.  Pleistocene: 
child,  329. 
North     Carolina,     yirgilina    disi 

Laney.   608. 
North  Dakota :  Leonard,  688. 
Oklahoma :  Beal,  59 ;  Path.  338. 
eastern :  Shannon  et  ah,  924. 
Ontario,     Espanola     district:    Qi 
827. 
Gunfllnt  area:  Parsons,  784. 
Hunter  Island:  Parsons.  784. 
Lake  Timlskamlng:   ilume.  503 
Onaping  area :  Collins,  224. 
Ottawa  area :  Johnston.  634. 
Sudbury       district,       Asquith 
Churchill     townships :     Co 
224. 
Pennsylvania,    eastern,    Pre-Caml 
and    Triasslc    diabase:    J 
537. 
Quebec.     Grenvllle     district :     Wj 
1154. 
Ottawa  area  :  Johnston,  534. 
Thetford-Black  Lake  district  ( 
ralne  sheet)  :  Knox,  596. 
Rhode  Island :  Emerson,  821. 
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Oeoloffic  mapi — Continued. 

TenneB8ee»     Waynesboro     quadrangle : 
Miser,  738. 
western  :  Wade,  1072. 
Texas,    Corsicana    field :    Matson    and 
Hopkins,  697. 
Palestine  salt  dome :  Hopkins,  486. 
United   States    (east  of  Rocky   Moun- 
tains) :  Bowie,  97. 
eastern,    greensand    deposits:    Ash- 
ley, 27. 
physiographic  divisions :   Fennpman. 
334. 

Vermont,  Calais:  Richardson.  853. 

East  Shoreham  :  Perkins.  794. 

Grand  Isle:  Perkins,  794. 

Isle  La  Motte :  Perkins,  794. 

mineral  resources :  Perkins,  795. 

Montpelier:  Richardson,  853. 
Tirginia  :  Watson,  1103. 

Virgilina  district:  Laney,  608. 
West  Virginia,  Braxton  and  Clay  coun- 
ties :  Hennen,  451. 
Wisconsin.  Devil's  Lake  region :  Trow- 
bridge, 1031. 
Wyoming:  Trumbull.  1035. 

Big  Horn  Basin :  Ilewett,  461. 

Lodgepole  Valley :  Melnzer,  710. 

Geological  surveys.     Bee  Surveys. 
Geomorphogeny.     See  Physiographic. 
Geomorphology.     See  Physiographic. 
Oeomorphy. 

Recurrent  tetrahedral  deformations 
and  intercontinental  torsions : 
Emerson,  322. 

Oeologlo  time. 

Measuring  of  postglacial  time  through 

sedimentation  in  lakes :  Hotch- 

kiss,  495. 
Ontario  baifn:  Coleman,  221. 
Ontario    shore   line,    age    and    origin : 

Spencer,  976. 
Wave    work   as   a    measure   of    time : 

Coleman,  221. 

Oeophysios. 

Crystals,  growing,  linear  force :  Hos- 
tetter,  494. 

Evaporation  of  water  at  depth  by 
natural  gases :  Mills  and  Wells, 
736. 

Iron  oxides :  Day,  266. 

Salt  crystals,  growth :  Long,  647. 

Sulphides,  dissociation  pressures :  Al- 
len and  Lombard,  12. 

Georgia. 
Economic. 

Bauxite      deposits,      Coastal      Plain : 

Shearer,  936. 
Fuller's  earth  deposits,  Coastal  Plain  : 

Shearer,  936. 
Potash-bearing   slates:    McCallie,   604. 
Stratigraphic. 

Coastal  Plain  :  Shearer.  936. 
Orthophragmina,    stratigraphic    value : 
Cooke,  232. 


Georgia — Continued. 
Paleontology. 

Carapa,  Eocene :  Berry,  70. 

Orthophragmina :  Cushman,  247. 
Mineralogy. 

Halloysite :  Vender  Meulen,  1059. 
Geosyncline,   western   interior :   Van   Tuyl, 

1061. 
Germanium. 

General :  Browning,  131. 
Gllsonlte. 

Origin  :  Richardson,  850. 
Glacial  erosion. 

California,  Sierra  Nevada :  Mulr,  745. 

Montana,  sublacustrlne  :  Davis,  265. 

Glacial  geology.     See  also  Quaternary. 
General :  Manson.  686. 
Beaches  at  south  end  of  Lake  Michigan, 

origin:  Wright,  1177. 
Cause  of  glacial  epoch :  Manson,  680 ; 

Reagan,  836. 
Champlaln  sea  In  Lake  Ontario  basin : 

Mather,  692. 
British    Columbia,    Vancouver    Inland, 

Sooke  and  Duncan  areas  :  Clapp. 

193. 
California,  Sierra  Nevada :  Mulr,  745. 
Colorado,     Central     City    quadrangle : 

Bastin  and  Hill,  53. 
Gold   Brick   district:   Crawford   and 

Worcester,  238. 
Indiana,  Vigo  County,  loess  and  sand 

dune  deposits:  McBeth,  662. 
lo^a,  Crawford  and  Carroll  counties: 

Kay,  552. 
lowan  glaciation :  Leighton,  630. 
northwestern :  Carman,  175. 
Pleistocene :  Alden  and  Leighton,  10. 
lowan  drift :  Alden  and  Leighton,  10. 
Kansas,       Leavenworth       quadrangle : 

Hinds  and  Greene,  471. 
Maine,  Waterville :  Little,  643. 
Manitoba,  southeastern  :  Wallace,  1088. 
Massachusetts:  Emerson.  321. 
Michigan,    Detroit    district:    Sherzer, 

937. 
Minnesota,  northeastern :  Leverett  and 

Sardeson,  636. 
Missouri,      Leavenworth      quadrangle : 

Hinds  and  Greene,  471. 
SmithvlUe    quadrangle:    Hinds    and 

Greene.  471. 
Montana :  Davis,  265. 

Sun    River    region :    Steblnger    and 

Goldman,  986. 
New    Hampshire,    White    Mountains: 

Johnson,  532. 
Newington     moraine.     New     England : 

Katz  and  Keith,  547. 
New     York,     Adirondack     Mountains: 

Miller,  734. 
Adirondacks  and  CatskiUs :  Johnson, 

582. 
Blue   Mountain   quadrangle:    Miller, 

733. 
Catskill  Mountains  :  Rich,  851. 
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OlMltl  (Mloffy — Continued. 

New  York,  etc. — Continued. 

Irondequolt  Valley:  Chadwlck,  181. 
Long  leland  :  Falrcblld,  830. 
Ogdeneburg  reKlon  :  Cunhlng,  245. 
upper  Hudson  Valley  :  Fairchlld,  820. 
Ohio,  aoutbern:  Stout,  1008. 
Ontario,  Ottawa  area :  Johnston,  634. 
Pennsylvania,  first  phase  of  glaciation  : 

Williams.  1142. 
Quebec  Ottawa  area :  Johnston,  534. 
Pontiac      and      Ottawa      counties : 
Keele.  556. 
Vermont,  Calais.  East  Montpelier,  and 
Berlin:  Richardson,  853. 
Green  Mountains:  Uoldthwait,  382, 

388. 
Greensboro,    Hardwick,    and    Wood- 
bury :  Jones,  538. 
Washington,  Skykomlsh  BaMin:  Smith, 

969. 
Western  United  States:  Levcrett,  684. 
White,  Adirondack,  and  Catskill  Moun- 
tains :  Johnson,  682. 

COaoial  lakes.  See  alto  Beaches;  Shore 
lines;  Terraces. 

Lake  Agassis:  Johnston,  685. 

Michigan,  Detroit  district:  Sherzer, 
937. 

New  York,  Irondequolt  Valley:  Chad- 
wick.  181. 

Ontario:  Mather.  602. 

Pennsylvania :  Williams.  1142. 

Venuont:  Falrchild,  327. 

Glacial  p<*rlod.    See  Glacial  gPoIo«:y. 
Olaciers. 

Canada :  Coleman.  218. 

Oregon,  Mt.  JeflTcrson  :  Hatch.  420. 

Yoho  Glacier,  motion,  1014  10: 
Wheeler.   1113. 

Olass  sand. 


General :   F(»ttke,   340. 


Oold. 


General:   Lindgren,  040. 

Enrlchmriit    of    ore    deposits :    Em- 
moDH,  324. 

Alaska:  Brooks,  124. 

Anvlk-ADdrcafskl    region :    Harring- 
ton. 425. 
Fairbanks  district:  Mrrtle.  721. 
Juneau  belt  :  Kakln.  aiO. 
Kiintlsbna  reul«)n  :  Cnpp^.  174. 
Ni'naua    rcKbrn  :    Maddrm.    C*^'2. 
Poniipinr  distrirt  :  Kakln.  :>11. 
Prlnct'     Willlain      Sound  :     .lolinson, 

G28. 
Soward    Ponin^iula :    Mortlc.   722. 
TIckol  district  :  MidMt.  7.'{l>. 
Tolovanu  distrbt  :   Mcrtle,  720. 

Arizona  :  Hrlkrs.  iU\. 

Mohave  n'^ion  :  Schradcr,  009. 

British     Columbia.      Ilcdloy      district  : 
Rlckard.   MU. 
Roflsland    district:    Bruce.    132. 
Vancouver    and     adjacent     islands : 
Brewer,  117. 


Oold-^ontinued. 

British  Columbia,  etc — Cttntlaosd. 
Tmir  area.  West  Kootcaay  dlitild: 
Drysdale,  802. 
CaUfomia :  Tale,  1188. 
Colorado,    Bonannt    dlstricC:   Fattoa 
787. 
Central  City  qoadranfle :  Basthi  iid 

Hill,  53. 
Cripple  q^eek :  Patton,  788. 
Gold  Brick  district :  Crawford  ail 
Worcester,  288. 
Eastern  States:  HUl,  466. 
Manitoba :  Campbell.  188. 

southeastern :  Dresser,  298. 
Mexico :  Bamlres,  880. 
Puebla,  Tetela  del  Oro:  Boaigmaii, 
479. 
Montana,  Heikes,  447. 
Nevada.   Cedar    Range   district:  Tl9> 
nan,  1028. 
Manhattan  diatrict:  Ferguson,  SST. 
New  Mexico:  Henderson,  449. 
North  America :  Lindgren,  640. 
Nova    Scotia,    Queens    and    ShelbvM 

counties:  Faribaolt,  381. 
Ontario,  Boston  Creek  area:  Burrvm 
and  Hopkins,  146. 
Good  fish    Lake   area :    Burrows  ul 

Hopkins,  147. 
Klrklsnd  Lake  district :  Bateman,H. 
Kowkash  area :  Hopiclns,  490. 
Onaping  area  :  Collins,  224. 
Oregon :  Yale,  1188. 
Texas :  Henderson,  449. 
South  Dakota :  Henderson,  450. 
rmtwl  states,  1915  :  McCaskey.  686. 
Washington,  Okanogan  County  :  Hand:, 

418. 
Wyoming:  Henderson,  450. 
Yukon,  Scroggie,  Barker,  Thistle,  til 
Klrkman  creeks :  Cairnes.  153. 
Gold  Brick  district,  Colorado  :  Crawford  and 

Worcester,  238. 
Orahamite. 

Origin :  Richardson,  856. 
Grand  Canyon.     See  Arisona. 
Granite. 

Texas :  Nash,  747. 
Graphite. 

General :  Ferguson,  338. 

Alaska,  Seward  Peninsula  :  Mertle.  721 

]>ritish      Columbia.      Cranbrook:     De 

Schinid,   273. 
Mexico:   Vlvar,  1069. 
Qui'bec,     Buckingham     area :     WilM>D. 
1152. 
Graptolltes. 

Vorniont,  Calais,  East  Montpelier.  and 
Berlin  :  Richardson.  853. 
(iraptolltc  shales,   shallow   water  deposlti: 

(jralmu  and  O'Connell.  394. 
Gi&vel. 

< Mineral :  Stone,  1004. 
T»«nn«'ss»»c.  western  :  Wade,  1074. 
(iHivity  unoiiuilios  in  locating  Rait  domct: 
Shaw.  9;i5. 
^  Viwivlnwilclc  aurvey  :  Bowie,  98. 
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Orcanland. 

J^tratigraphie, 

Carboniferoas,  northeastern  Greenland  : 
OrOnwall.  407. 
Paleontology. 

Carboniferous  Brachiopoda,   northeast- 
ern Greeland :  Gr5nwall,  407. 
Mineralogy. 

Siderite,  Ivlgtut :  Wherry,  1117. 
Greenland. 

Analysis,  methods :  Hicks,  462. 
United  States,  eastern  :  Ashley,  27. 
Gypsum. 

General :  Stone,  1000,  1003. 
Alberta,  northern :  Camsell,  167. 
Sawaiian  Islands. 

Dynamic  and  structural. 

Aphrollth  and  dermollth :  Jaggar,  517. 
Kilauea.  aa  lava :  Jaggar,  516. 

cyclical  variation  in  eruption  :  Wood, 

1167. 
lava  lake,  thermal  gradient :  Jaggar, 

518. 
volcanic  phenomonn  :  Jaggar,  515. 
Mauna  Loa,  activity  :  Day,  267. 
eruption  1916 :  Wood,  1168. 
lava  flow.  1916  :  Jaggar,  514. 
Tectonic  lines :  Powers,   814. 
Paleontology. 

Amastra  :  Cooke,  281. 

Historj,  philosophy,  etc. 

Geological    work    in    the    Southwest : 
Gould,  .390. 

Indiana  :  Blatchley,  87. 
Hnronlan.    See  Pre-Cambrlan. 
Ice  age.     See  Glacial  geology. 

Ice  ares  (ancient). 

Colorado,       SummitvlUe       quadrangle, 
Eocene  glaciation :  Atwood,  29. 

Idaho. 

Economic. 

Cesar    d'Alene    district.    Success    sine- 
lead  deposit,  genesis :  Umpleby, 
1053;  Hershey,  453. 
Mackay  region  :  Umpleby.  1054. 
Muldoon  district :  Finch,  343. 
Phosphate:  Bell,  62. 
Phy8iographic. 

Mackay  region  :  Umpleby,  1054. 
Btratigraphic. 

Mackay  region :  Umpleby,  1054. 
Paleontology. 

Plloeene  faunas  :  Merriam,  713. 
Mineralogy. 

Plattnerlte,     Coeur     d'AIene     district: 

Shannon,  925. 
Ptilollte,  ChalUs:  Koch,  598. 
Pyromorphite,   CoBur   d'Alene   district : 
Shannon,  926. 

Igneoiu  and  volcanic   rocks.     See  also    in- 
trusions ;  Magmas. 
General. 

Average  analyses  in  dpflning :  Math- 
ews, 693. 
Chemical       analyses :       Washington, 
1100. 


Igneous  and  volcanic  rocks — Continued. 
General— Continued. 

Classification,     quantitative     .miner* 
alogical :  Johannsen,  526. 
Alaska,  Tolovana  district :  Mertie,  720. 
Arizona,  Navajo  country :  Gregory,  402. 

Warren  district :  Bonlllas  et  al,  92. 
British    Columbia,    Rossland    district : 
Bruce,  132. 
Vancouver     Island,     Sicker     series: 
Cooke,  233. 
Sooke  and  Duncan  areas:  Clapp, 
193. 
Ymir  area,  West  Kootenay  district: 
Drysdale.  302. 
California :    Smith,    962. 

southern,   Morro   Hill :   Waring   and 
Waring,  1097. 
Colorado,    Bonanza    district :    Patton, 
787.' 
Gold   Brick  district :   Crawford   and 

Worcester,  238. 
Central  City  quadrangle  :  Bastln  and 
Hill,  63. 
Cuba.   Oriente   Province,   Plrmeza   dis- 
trict :  Roesler.  871. 
Idaho,  Mackay  region  :  Umpleby,  1054. 
Kansas,  granite :  Powers,  813. 
Maine,  southwestern  :  Katz,  546. 
Maryland,  Tolchester  quadrangle :  Mil- 
ler et  al.  730. 
Massachusetts:  Emerson,  321. 
Mexico,  northeastern  :  Garflas,  307. 
Minnesota,  Pigpon  Point :  Daly.  251. 
Montana,   Boulder  bathoUth :  Billings- 
ley  and  Grimes,  80. 
Nevada,  Ely  district :  Spencer,  975. 
New    Hampshire,   southeastern :   Katz, 

546. 
New  Mexico.  Deming  quadrangle :  Dar- 
ton,    257. 
Navajo  country  :  Gregory,  402. 
New    York,    Adirondacks.    anorthosite 
body  :  Bowen,  96 :  Cushlng,  246. 
Blue   Mountain   quadrangle :   Miller, 

733. 
Edwards  district :  Newland,  753. 
Ogdcnsburg  region  :  Cusbing.  245. 
North  Carolina,  Chapel  Hill,  diorites: 
Smith,   966. 
Kings  Mountain  district:  Keith  and 

Sterrett,  558. 
Vlrglllna  district :  Lancy,  608. 
Ontario.  Onaping  area  :  Collins,  224. 
Ponnsylvania,  eastern :  Jonas.  537. 
Quebec.      Northern      Transcontinental 
Railway,    Horvoy   Junctlon-Dou- 
cet :  Bancroft.  37. 
Thetford-Black   Lake   district    (Cole- 
raine  sheet)  :  Knox,  596. 
Rhode  Island ;  Emerson,  321. 
Texas,  Thrall  oil  field  :  Udden  and  By- 
bee,  1050. 
.  Vermont.  Calais,  East  Montpeller,  and 
Berlin  :  Richardson,  853. 
Virginia,  Virgillna  district :  Laney,  608. 

Igneous  intrusion.     Bee  Intrusiona 
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XlUaolt. 
Oeneral. 
Beport  Btete  gcologUt.  1911-18:  Be- 
Wolf,  270. 
1918-10:  DeWolf,  276. 
Bolls,  Do  Pftge  County :  HopkiiiB,  482. 
Bdsmr  County:  Hopklni,  481. 
Kane  County :  Hopkins  et  al.,  483. 
Economic. 

Clay,  Mountain   Glen,  Union  County: 

8t  Clair.  889. 
Coal :  Yonng,  1185. 
Colchester  and  Macomb  quadrangles : 

Hinds,  470. 
QUlespie    and    Mount    Olive    quad- 
rangles: Lee,  623. 
Jackson  County :  Cady,  151. 
Colchester-Macomb  quadrangle :  Hinds, 

469.  470. 
Fire  clay,  Pennsylvanlan :  Lines,  642. 
La  Salle  and   Hennepin  quadrangles: 

Cady,  152. 
Mineral    resources,    1911-12:    Bkewes, 
962. 
1918-14:  Bkewes,  902. 
OU,  bUck  shales :  Ashley,  26. 
Oil  fields :  Kay,  049. 
Oil     investigations.     Saline,    Johnitoo, 
Pope,  and  Williamson  counties: 
Brokaw,  121. 
Williamson.     Union,     and     Jackson 
counties :  St.  Clair,  886. 
Oil  possibiUties,  Ava  area:  St.  Clair, 
887. 
Centralia  area :  St  Clair,  888. 
Hardin.  Pope,  and  Saline  counties : 
Butts.  150. 
Petroleum  in  1916 :  Kay,  548. 

Plymouth  field  :  Blatchley,  86. 
SUlca      southern     Illinois:     Holbrook, 
474. 
Phjfsiographic. 

Beaches  at  south  end  of  I^ke  Michigan, 

origin  :  Wright.  1177. 
Canton  quadrangle,  loess  and  drift,  re- 
lations :  Savage,  803. 

Stratiffraphic. 

Alexandrian  series :  Savage,  802. 

Ava  area  :  St  Clair.  887. 

Borings.  Pljrmouth  oil  field  :  Blatchley, 

86. 
Cap-au-Grfe  fault :  Koyes.  568. 
Carboniferous.  Massac  County :  Shaw, 

034. 
Centralia  aroa  :  St.  Clair,  888. 
Colchester-Macomb  quadrangles :  Hinds, 

460,  470. 
Hardin,    Pope,    and    Saline    counties : 

Butts,  150. 
Jackson  County :  Cady,  151. 
La  Salle   and   Hennepin   quadrangles : 

Cady,  152. 
Parallelism  of  eastern  and  western  in- 
terior fields :  Keyes,  576. 
Saline.  Johnson.  Pope,  and  Williamson 

counties :  Brokaw,  121. 
Bouthem  Illinois:  Shaw,  984. 


XUIaais — Continued. 
Straliffrophic — ContUmed. 
Williamson,  Union,  and  Jackasn  e&m 
ties :  8t  Clnlr,  886. 
PaleoHtologif. 
Alexandrian  aeriea,  fiinna :  Savage,  NL 
Beetles,     Sangamon     peat:    Wtckkasi 

1140. 
Insecta,  Biaxon  Craek :  Cockerell,  214 
Mississipplan    boulders.    Cbicags:  Di- 
▼is,  268. 
ladiaaa. 

Oeneral.  -^ 

History:  Blatchley,  87. 
1       Economic. 

OU.  black  shales:  Ashley,  28. 
Petroleum:  Bownocker,  108. 
Dynamic  end  ctmctnraU 

Cave,  Versailles:  Bigney,  79. 
PhMSiographie. 

Beaches  at  south  end  of  Lake  IflcU- 

gan,  origin, :  Wright.  IIH. 
Lakes,  Tippecanoe  basin:  Scott,  91i 

915. 
Loess  and  sand   dune   deposit^  Tlfv 

County:  McBeth,  662. 
Sand  dunes:  Bailey,  8a. 
Wabash  River,  ancient :  McBeth,  <m 
Stratiffraphie. 

Loess   and   sand   dune   deposits,  Y\p 
County:  McBeth,  662. 
Paleontology. 

Plants,    lower    Pennsylvanian :  Jack- 
son, 510. 
Richmond  fossils:  Foerste,  35L 
Indium. 

General :  Browning.  131. 
Insects. 

General :  Cockerell,  210. 
Colorado.    Florissant:    Cockerell,  21X 
213. 
beetles:  WlcKham.  1139. 
Dlptera  :  Cockerell,  211. 
Illlndls,  Mason  Creek :  Cockerell,  21i 
beetles,    Sangamon   peat:   Wid^lUB. 
1140. 
Interrelations   of   fossil    fuels:    SteveoBoa, 

991. 
Intrusions.     See  al9o   Dikes;   Igneous  tii4 
volcanic      rocks ;       Laccoliths; 
Magmas. 
Mexico,  northeastern  :  Qarfias,  367. 
New   York,   Adirondacks:   Bowen,  96; 

Cushing.  246. 
Pigeon  Point,  Minnesota  :  Daly,  251. 
Invertebrata    (general).      See   aleo   Aotbo- 
xoa :      Brachiopoda ;      Bryozoa: 
Crustacea  ;  Bchinodermati ; 

Foraminlfera :      Insecta ;     Mol- 
lusca  ;  Problematica ;  Spongldi; 
Vermes. 
Alexandrian    series,   Illinois   and  Ml*- 

Bouri :  Savage.  892. 
Arctic  regions.  KOnig  Oscar  and  Hri- 
berg  Land :  Tschernyschew  and 
Stcpanow.  4036. 
California,  Pliocene:  Nomland,  768. 
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IiiTartebrata  ( general )  — Continued. 

Martinez  fauna,  California:  Waring, 
1088. 

Michigan,  Little  Bay  de  Noquette, 
Richmond :  Foerste,  352. 

Mount  Whyte  fauna :  Walcott,  1080. 

Ontario,  Wolfe  Island,  Trenton:  Ma- 
ther, 690. 

Bichmond  :  Foerste,  351. 

Silurian,  Ohio :  Foerste,  350. 

Santo  Domingo :  Maury,  707. 

Invertebrates,       inorganic       constituents : 
Clarke  and  Wheeler,  207. 

Iowa. 
General. 

Report  of  geological  surrey :  Kay,  550. 
Kconomic. 

Mineral  production,  1915 :  Kay,  551. 
Di/namic  and  structural. 

Earthqualce,  Iowa  City,  April  9:  Kay, 

555. 
Post-Kansan  erosion  :  Leigh  ton,  628. 

PhpHograpMc. 

General :  Lees,  626. 
Ocheyedan    mound,    Osceola    County : 
Kay,  554. 

f^traiigraphic. 

Buchanan  gravels :  Leighton,  629. 

Cap>au-Gr&8  fault :  Keyes,  568. 

lowan  drift :  Alden  and  Leighton,  10. 

Jo  wan  gla  elation  :  Leighton,  030. 

Pleistocene,     Crawford     and     Carroll 
counties :  Kay,  552. 
northwestern  Iowa :  Carman,  175. 

Post-Kansan  erosion :   Leighton,   628. 

Prairie  du  Chlen-St.  Peter  uncon- 
formity:   Trowbridge,   1030. 

Table  of  formations :  Keyes,  565. 

PaleontoloffV' 

Camptotheclum,  Knnsan  drift :  Qrout, 

408. 
Cyathophyllum,  Jones  County  :  Thomas, 

1021. 
Palaeopalaemon    lowensis,    Kinderhook 

sliale,  Burlington  :  Walter,  1085. 

Iron* 

General. 

Genesis :  Sosman,  973. 
Oxides:  Day,  266. 

Zonal  growth  In  hematite :  Sosman 
and  Hostetter,  974. 
Alaska:  Whlttier,  1137. 

Seward  Peninsula  :  Mertlo,  722. 
America  *  Leith,  631. 
British  Columbia  :  Whlttier,  1137. 
Vancouver     and     Texada     Islands : 
Brewer,    116. 
California:  Whlttier,   1137. 
Canada :    Lindeman,    639 ;    Robinson, 

867. 
Colorado,    Central    City    Quadrangle: 
Bastin  and  Hill,  58. 
Sagle    County.    Red    Cliff,    mangn- 
nifcrous     iron     ore:     Umpleby, 
1066. 


Iron — Continued. 

Cuba :  Little,  644. 

Oriente  Province,  Firmesa  district: 
Boealer,  871. 
Lake    Superior:    Crowell    k    Murray, 

240. 
Maine,  central,  pyrrhotite:  Bastin,  52. 
Mexico,    Lower    California:    Wittich, 

1162. 
Minne^ta,    Cuyuna    district :    Harder 
and  Johnston,  420. 
manganlferous  ores  :  Harder,  419. 
Mesabi  iron  range .  Wolff,  1166. 
tltaniferous    magnetites :   Broderick, 
119. 
Ontario:  Robinson,  868. 

Gunflint  area :  Parsons,  784. 
Hunter  Island :  Parsons,  784« 
Onaplng  area :  Collins,  224. 
Oregon:  Whittier,  1137. 
Washington:  Whittier,  1137. 
Irvine  oil  field,  Estill  County,  Kentucky: 

Shaw,  932.  . 
Isostasy. 

General :  MacMlllan,  680. 
Distribution  of  isostatlc  compensation  : 

Bowie,  101. 
Evidences :  Bowie,  100. 
Geodetic  evidence :  Bowie,  99. 
Gravimetric  survey :  Bowie,  98. 
Gravity    anomalies    in    locating    salt 

domes :  Shaw,  985. 
Gravity     investigations:     Bowie,     97; 
Hayford,  442. 

Jamaica. 

Paleontology. 

Pelecypoda,     Bowden     fauna:     Wood- 
ring,  1170. 
Jurassic. 

Stratigraphy. 

Alberta,  Crowsnest  field :  Rose,  880. 
Arizona,     Navajo     country :     Gregory, 

402. 
British    Columbia,    Rossland    district: 
Bruce  132. 
Telkwa  River  district,  Dolmage,  292. 
Vancouver     Island,     Sicker     series: 

Cooke,  233. 
Sooke  and  Duncan  areas :  Clapp^  193. 
Tmlr  area.  West  Kootenay  district: 
Drycdale.  302. 
California :  Smith,  962. 

Colfax  region :  Moody,  742. 
Colorado,  northern :  Ziegler,  1187. 
Montana,  Bowdoin  dome:  Collier,  228. 
Morrison  and  Sundance  formations,  re- 
lation :  Lee,  625. 
New  Mexico,  Navajo  country  :  Gregory, 

402. 
Wyoming,    Big    Horn    Basin :  Hewett, 
461. 


Economic. 

Leavenworth    quadrangle :  Hinds    and 
Greene,  471. 
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SuuHM — Contiiiiied. 
Eoomomio — Continued. 
MangaaeM     in      Dakota      sandstone : 
Wbitaker  and  Twenhofel,  1180 
Petroleum :  Gardner,  864. 
Dffnamio  and  atruoturaU 
Metamorphism,  Silver  City  area :  Twen- 
hofel, 1044. 
PhWMioffraphie, 

Peneplains :  Beede,  61. 
Leavenworth    quadrangle:  Hinds    and 
Greene,  471. 

8traiioraph4c, 

Granite:  Powers.  818. 

Granite     in     borings:  Taylor,     1016; 

Wright,  1179. 
Granite  bowlders  associated  with  Pend- 

sylvanian     strata :     Twenhofel, 

1048. 
Leavenworth    quadrangle:  Hinds    and 

Greene,  471. 
Silver  City  area :  Twenhofel,  1044. 
Table  of  formations:  Keyes,  664. 

Paleontolo(nf> 

Mastodon,  Gomphotherlum :  Hay,  487. 
Ogmodims,      Cretaceous      pleslosaur : 

Winiston.  1149. 
Vertebrata,  Bquus  beds:  Hay,  484. 

Kaolin. 

Quebec,      Labelle     County.    •Amherst 
TownHbip:  Wilson.  1154. 

Xentncky. 
Ocnerah 

Mammoth  Cave:  Nelson,  750. 
Economic. 

Coal.   IlarlRii  County  :  IIoaKe,  473. 
Oil.  black  shales  :  Ashley,  26. 
Petroleum  :  Fuller.  360 ;  Gardner,  306. 

Irvine  flold :  Shaw,  932. 
Phosphato.  central  Kentucky :  Phalen. 
799. 
Strati  graphic. 

Central  Kentucky  :  Phalen,  799. 
Irvine  oil  flold  :  Shaw,  932. 
Table    of   geologic   formations :  Miller, 
727. 

Labrador. 

fitratioraphic. 

Northeastern  Labrador:  Coleman,  219. 

Lakes. 

Devil's   Lake.    Wisconsin  :  Trowbridge. 

lO.-il. 
Iceberg  Lake.    Glacier  National   Park : 

Freeman.  858. 
Indiana.  Tippecanoe  basin  :   Scott.  015. 

Lakes,  extinct. 

Lake    IJonnevllle.    drographic    origin : 
Keyes.  573. 

Lakes,  glacial,     ^'ce  Glacial  lakes. 

Lamelllbniuchlala.     See  Polecypoda. 

Landslides. 

North  Carolina  :   Holmes,  475. 
Panama  Canal:  Branner,  111;  Miller, 
729. 


LanthaaY 

General :  Bchaller,  906, 


Aphrolith  and  dermollth:  Jagp 
Bonansa    district,     Saguache   < 

Colorado:  Patton,  787. 
California,     southern,      Iforro 

Waring  and  Waring.  KM 
Cooling  of  a  lava  surface :  0ay, 
Kilauea  Lava  lake,  thermal  gn 
Jaggar,  518. 

Lassen    Peak    lava,    vlaeoiis   i 
DiUer,  286. 


General. 

Enrichment    of    ore    depositi 
mons,  824. 
Alaska:  Brooks,  124. 

Seward  Peninsula :  Mertie,  71 
Arlsona:  Helkea,  446. 

Patagonia  district :  Schrader, 

Santa  Rita  district :  Schrader 
British     Columbia,     Slocan     di 

Uglow,  1051. 
California:  Yale,  1188. 
Idaho,   Coeur  d'Alene,    Success 
Umpleby,  1058. 

Mackay  region  :  Umpleby,  IDS' 
Eastern  States :  Hill.  465. 
Mexico,  Puebla  :  Honigmann,  48( 
Missouri,  Ozark  region :  Buehtei 
Montana :  Heikcs,  447. 

Dunkleberg  district :  Pardee,  ' 
New  Mexico :  Henderson,  449. 
Oklahoma,  Miami  district :  Perrj 
Ontario,  Galetta  :  Newnam,  755. 

Kingdon  mine  :   Ilardman.  421 
Oregon:  Yale,  1183. 
South  Dakota :  Henderson.  450. 
Texas :  Henderson.  449. 
United  States  :  Siebenthal.  945,  S 
Wyoming:  Henderson,  450. 

Wind    River    Mountains,   Ball 
Creek  rock  slide :  Bransoi 

Leona  rhyolite,  California  :  Clark,  19 

Lignite.     8ee  also  Coal. 

Alaska,  Kantishna  region  :  Capp 

Limestone. 

General :  Culln.  241  :  Smith,  967 
Arizona:  Culln,  241. 
Michigan:  Smith.  967. 
Quebec :  Roulllard.  881. 

lilthology.     See  Petrology. 

Loess. 

Character  and  age  :  Lelghton.  63 
Illinois,    Canton    quadrangle:   8 

893. 
Origin  :  Savage,  898. 

Louisiana. 
IJvonomic. 

Belle  Isle  :  Luca.s,  655. 
Clay :  Matson.  605. 
Natural  gas.  De  Soto-Red  River 
Matson  and  Hopkins,  696 
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LoulsUna, —  CbDtlnned. 
Bconomio — Con  tinned. 
Petrolenm :  Gardner,  864. 

De  Soto-Red  River  fleld  :  Mntson  and 
Hopkins,  696. 
Petroliferous    mounds,    origin:    Chau- 

tard,  191. 
Suiptaur :  Pogue,  810. 
Physiographic, 

Coastal  region :  Kennedy,  660. 
Btratigraphic. 

General :  Matson,  696. 
Belle  Isle :  Lucas,  656. 
Coastal  region :  Kennedy,  560. 
De    Soto-Red  River  oil  and  gas  fleld: 
Matson  and  Hopkins,  696. 
Paleontology. 

Gonlopteris  claiborniana,  Tegua  forma- 
tion :  Berry,  73. 
Lower  Silurian.     Bee  Ordoylcian. 
Slafinas.     Bee  also  Intrusions. 
Anorthosites :  Bowen,  04. 
Kilauea,  lava  lake,  thermal  gradient: 
Jaggar,  618. 
cyclical  variation  in  eruption :  Wood, 
1167. 
Pigeon  Point,  Minnesota :  Daly,  261. 
Magmatlo  diifarentiatlon. 

Ore  genesis:  Slngewald,  961. 
Magnesite. 

British    Columbia.    Bridge    River    dis- 
trict: Drysdale,  303. 
Canada :  Frechette,  867. 
Nova       Scotia,       Inverness      County : 

Hayes,  439. 
Origin     and     geochemistry :     Dolbear, 

290. 
Quebec.     QrenviUe     district :     Wilson, 
1153-1156. 
Maine. 
Economic. 

Pyrrhotite,  central  Maine :  Bastin,  52. 
Btratigraphie, 

Newington  moraine :   Kats  and  Keith, 

647. 
Southwestern  Maine :  Katz,  646. 
Waterville,  Quaternary :  Little,  643. 
Paleontology. 

Nuculltes,         Silurian,         Washington 

County :  Williams,  1143. 
Pleistocene      plants,      marine      clays : 
Berry,  76. 
Mineralogy. 

Apatite  crystal,  Auburn :  Ford,  866. 
Mammalia. 

Aelurodon,     Nebraska :     Barbour     and 

Cook.  43. 
Artiodactyl,    horned,    Nebraska :    Lull, 

658. 
Brontotherium :  Lull,  659. 

California,   Rancho   La   Brea,   Mylo- 
don:  Stock,  909. 
Cuba  :  Allen,  13. 

Isle  of  Pines :  Peterson.  797. 
Deer,  distribution :  Matthew,  702. 
Dinarctotherium.     Nebraska.     Pleisto- 
cene :  Barbour.  89. 

W922»— 18— Bull.  68^ 


Mammalia — Continued. 

Equns,  Pleistocene,  Yukon :  Hay,  488. 

Equus  scottl,  Rock  Creek,  Texas: 
Troxell,  1032. 

Felidae,  Rancho  La  Brea :  Merrtam, 
712. 

Lagomorph  genera,  systematic  posi- 
tion :  Dice,  27& 

Mastodon,     Oomphotherinm,    Kansas : 
Hay,  487. 
South  Carolina :  Loomis,  648. 

Megatherium,  Florida:  Matthew,  708. 

Meteoreodon,  Nebraska:  Barb^nr  and 
Cook,  42. 

Mylodon,  Rancho  La  Brea :  Stock,  999. 
pes:  Stock,  996,  996. 

Nothrotherium,  Rancho  La  Brea,  Cali- 
fornia: Stock,  997,  998. 

Pliocene  faunas:  Merriam,  711. 
western    United    States:    Merriam, 
718. 

Poebrotherinm  (camel),  Oligocene, 
Nebraska:  Troxell,  1084. 

Porto  Rico :  Anthony,  20. 

Seacow,  Miocene,  Maryland :  Palmer, 
779. 

Tetrabelodon,  Nebraska :  Barbour,  41. 

Titanoides,  North  Dakota :  Qidley,  374. 

Virginia,  Saltville  Valley:  Peterson. 
798. 

Man,  fossiL 

Greneral:  Balch,  85;  Corral,  236. 

Antiquity  of  man :  Shimek,  938. 

Bvolution :  Barrell,  46. 

Florida.  Vero:  Chamberlin,  187;  Hrd- 
lidka,  497;  MacCurdy,  638; 
Sellards.  918,  920. 

Loess  and  the  antiquity  of  man :  Shi- 
mek. 938. 

Manganese. 

General:  Hewett,  460. 

Geologic  occurrence :  Runner,  884. 
Arkansas,   Caddo   Gap   and  De  Queen 

quadrangles :  Miser,  737. 
California :  Boallch.  90. 
Colorado,    .Eagle    County,    Red    Clilf. 

manganiferous   iron   ore:    (Jmp- 

leby,  1056. 
Costa  Rica  :  Tonge,  1184. 
Kansas,    central,    Dakota    sandstone : 

Whitaker  and  Twenbofel,  1130. 
Montana,  Philipsburg:  Umpleby,  1056. 

Manitoba. 

Bconomio, 

Building      and      ornamental      stones : 

Parks,  783. 
Copper:  Campbell,  163. 
Flin-Flon    Lake    copper    district:    Cal- 

llnon,   158. 
Gold:   rompbell,    163. 

southeastern  Manitoba  :  Dresser,  299. 
Molybilenite,     Falcon     Lake :     DeLury, 

271. 
Schist  Lake  and  Wewusko  I^ke  areas : 

Bruce.    133. 
Southeastern  Manitoba  :  Wallace,  1088, 
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Kanitoba — Continued. 
Difnamic  and  atruoturaL 

Boulders  corroded  by  brine:   Wallace, 
1084. 
Phyaiographic. 

Lake  Agassiz :  Johnston,  586. 
Stratiffraphio. 

Schist  Lake  and  Wewusko  I^ke  areas : 

Bruce,   133. 
Soathcastem  Manitoba  :  Dn^sscr,  299  ; 
Wallace,  1083. 
Whitcmouth    BlTer   area,    supcrttdnl 
deposits :  Johnston.  53U. 
Map  making.     See  Cartography. 
Maps.     Bee  Cartography  and  (i<»ologic  maps. 
Mariposa  formation,  breccias,  Colfax,  Cali- 
fornia :  Moody,  742. 
Maryland. 
Oenerdl. 

Geological  Surrey:  Clark,  203. 
Economic, 

Tolchester   quadrangle:   Miller   et   ah, 

730. 
Phyaiographic, 

Tolchester  quadrangle:    Miller   ti   ah, 
730. 
Btratigraphic. 

Grcensand  deposits :  Ashley,  27. 
Miocene :  Olsson,  764. 
Tolchester   quadrangle :   Miller   et   ah, 
730. 
Paleontology. 

Sea  cow,  Miocene:  Palmer.  779. 
Underground    icater. 
Tolchester   quadrangle :    Miller    et    ah, 
730. 
Massacbutetti. 

Dynamic  and  structural. 

Harvard    aeismographic    report,    ll)ir>: 
Woodworth,  1172. 
fitratigraphic. 

General  :  Emerson,  321. 

Newlngton   moraine :   Katz  and   Keith, 

547. 
Permo-Carbonlferous      banded      glacial 
slate,  Squantum  :  Sayles,  89rt. 
falrontolopu. 

TriasHlc,  Connecticut  Valley  :  Lull,  650. 
Petrolofju. 

(Tonr-ral  :   Kmerson,  321. 
Mfttamorphlsm. 

General  :    Daly.   253. 

Arizona.      Warron      district:      Wonlllas 

ct    (iL.   92. 
Classification    of    metaniorphlc    rocks : 

Miller.    7;i5. 
Kansas,    Sliver    City    area,    Twonhofel, 

1044. 
Nevada,   Kly   <llstrict  :   Spencer.  1>75. 
Phasj'S  and  Ootinitions  :  Daly,  'ITuK. 
Meetings,     t^re  Associations. 
Mercury,     f^ce  Quicl<siiv«*r. 
Meteoritoa. 

Calcium  phospliate  in  mrteoric  stones  : 

Merrill.   719. 
Canyon  Diablo.  .Vrizona  :  Meunier,  725. 
Colby,  Wisconsin  :  Ward.  1087. 


KeteoritM — Continued. 

Meteorite    collectioiis,    Ameriean   Mi' 

seum :  Reeds,  840. 
Origin :  Berwerth,  78. 
PUinview,  Texas :  Merlll,  718. 
RadioactiTity :  Qoirke  and  FinkelsteiB. 

829. 
RuflTs  Mountain  meteorite,  iron  phos- 
phide in :  Wherry,  1122. 
Kezloo. 
Oeneral. 

Jacala,  Hidalgo:  Csmacho,  160. 
Panama    straits,    ancient:    Dickerwi. 

281. 
Economic. 

Antimony,  FresnUlo,  Zacatecas :  Am- 

dor,  17. 
Building  stone:  Tello,  1019. 
Naucalpan  y  Jaisqullocan :  Mexicfb 
I  724. 

Canada,    Tetela   de    Ocampo,   Piiebk: 

Gdmes,  886. 
Bl  Trianfo  y  San  Antonio,  Lower  Cali- 
fornia :  Bishop,  81. 
Gold,     minerals     accompanylns :    Bi- 

mfres,  830. 
Graphite:   Viyar,   1069. 
Hostotipaquillo.     Jalisco :     Cumnlip, 

244 ;  Ord6fles,  767. 
Iron,  Lower  California :  Wittich,  1161 
Isthmus  of  Tehuantepec  :  Hartley,  426. 
Lead-siWer,  Paebla :   Honismano.  480. 
Lower  California:  Castillo,  179. 
Mineral  deposits,   geographic  dlstrlbo- 

tion :  Aguilera,  7. 
geologic  distribution  :  Aguilera.  8. 
Parral     district,     Chihuahua :     8calia, 

808. 
Petroleum  :  Day.  269  ;  Wilson,  1151. 
Isthmus    of    Tehuantepec :    Hartley, 

426. 
Phosphate,    Monterrey,     Neuvo    LeAn: 

Flores,   348. 
Potrlllos,  Durango:  Potoni,  786. 
Salines :   Zarate,   1186. 
Salt   deposits,    Ojo    de    Liebre,   Lower 

California:  Wittich.  1163. 
San  Miguel  Tenango,  ZacatlAn,  Puebla: 

G6mez,   388. 
Santa  Maria  del  Rio.  San  Luis  Poto«i: 

Manzano,   687. 
Santa  Rosa,  Muzquix,  Coahulls :  Peua. 

791. 
Sierra   del   Carmen,   Coahuila :   Servln. 

923. 
Structural  materials:  Tello.   1(»11*. 
Tetela    del    Oro,    Puebla :    lionigmann. 

479. 
Tezlutlan,  Puebla  :  G6mez,  387. 
Tin:   Anon,   1194. 
Zacatecas,  El  Magistral  district :  Villi- 

faua,  1068. 
Dynamic    and   structural. 

Earthquake,  November  12,  1912 :  Mod- 

tessus  de  Ballore,  740. 
Stratigraphic, 

Isthmus  of  Tehuantepec :  Hartley,  42& 
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Mexico — Continued. 

Stratigraphio — Continued. 

Lerma  River,  Mexico :  Tello,  1018. 
Lower      California,     southern      part : 

Helm,  448. 
Northeastern  Mexico:  Garflas,  367. 
Parral    district,    Chihuahua:     Scalia, 

898. 
Tertiary,  Tuxpan :  Dickerson,  284. 
P^ieontology. 

Apalachicola  fauna,  Lower  California : 

Arnold  and  Clark,  25. 
Diatoms :  Diaz  Lozano,  277. 
Tertiary,    northeastern   Mexico :    Dick- 
erson and  Kew,  283. 
Tuxpan :  Dickerson,  284. 
Mineralogy. 

Corundum,  Fresnlllo,  Zacatecas :   Cas- 
tro, 180. 
Mica. 

General :  Schaller,  004. 
Michigan. 
Econofiiio, 

Copper :  Hopper,  492. 

Detroit  district :  Sberzer,  987. 

Iron,    Lake    Superior    region :   Crowell 

&  Murray,  240. 
Limestones :  Smith,  967. 
Mineral  resources :  Allen,  15. 
Physiographic. 

Detroit  district :  Sherzer,  937. 
JStratigraphio. 

Detroit  district:  Sberzer,  937. 
Geologic  map:  Allen  et  al.,  16. 
Richmond.    Little    Bay    de    Noquette, 
northern      Michigan :      Foerste, 
352. 
Paleontology. 

nichmond.    Little    Bay    de    Noquette, 
northern      Michigan :      Foerste, 
352. 
Mineralogy. 

Mlrablllte,  Houghton  :  Peck,  790. 
origin :  Lane,  607. 
Military  geology :  Pogue,  807. 
Mlneragraphy,  technique :  Whitehead,  1134. 
Mineral    production    of    United    States    in 

1015 :  McCaskey.  665. 
Mlnerml  resources.    See  also  Economic  (gen- 
eral). 
United  Sta.tos,  useful  minerals :  Schra- 

der  et  al.,  910. 
Useful  minerals:  Schrader  et  al.,  910. 
Mineralogy     (general).      *S'ec    also    Mot»*or- 
ites  ;  Technique.     For  regiunal. 
Bee  names  of  States.     For  par- 
ticular minerals,  see  list,  p.  tJ6. 
General :     Foote     Mineral     Company, 
353 :     McLeod,     679 ;     Spencer, 
977. 
Amorphous  minerals :  Rogers,   872. 
Anorthosites :  Bowen,  94. 
Beryl  etching  figures :   Holmes,  476. 
Calcite  group :  Ford,  354. 
Calcite    In    sillcified    wood :    Wherry, 

1118. 
Chemical  tests  for  minerals :  Burdick, 
189. 


Mineralogy  (general) — Continued. 

Collection,  Colorado  State  Bureau  of 
Mines:  Duce,  304. 

Colloid  minerals :  Greenland,  399. 

Common  minerals  and  rocks :  George, 
371. 

Crystal  drawing  and  modeling:  Blake, 
84. 

Crystal  growth :  Wright  and  Hoatetter, 
1176. 

Decimal  grouping  of  plagloclases : 
Calkins,   157. 

Descriptive  mineralogy :  Bayley,  58. 

Developing  crystallized  mineral  speci- 
mens :  Hawkins,  430. 

Etching  figures,  hexagonal-alternating 
crystals:  Honess,  477. 

Gel  minerals :  Greenland,  399. 

Growing  crystals,  linear  force:  Hoa- 
tetter, 494. 

Hamlinite,  identity  with  goyasite: 
Schaller,   899. 

Hancock  collection :  Wolff,   1165. 

Hydrogiobertlte  a  mixture:  Larsen, 
610. 

Mellllte  and  gehlenlte,  constitution : 
Clarke,   205. 

Mlnasragrlte :  Schaller,  901. 

Mlneragraphy,  technique :  Whitehead, 
1134. 

Native  element  minerals,  nomenclature 
and  classification :  Wherry, 
1120. 

Native  elements,  occurrence :  Wherry. 
1124. 

Neodymium,  cause  of  red-violet  color 
in  certain  minerals:  Wherry, 
1116. 

Nepllelltes :  Bowen,  93. 

Plagioclasea,  decimal  grouping :  Cal- 
kins, 157. 

Plotting  crystal  zones  on  the  sphere: 
Blake,  83. 

Pressure  phenomena  accompanying 
growth  of  ,  crystals :  Taber. 
1011. 

Pyromorpbite,  crystals :  Shannon,  926. 
Quartz,     colored     varieties :     Watson, 
1107. 

Ruff's  Mountain  meteorite,  iron  phos- 
phide in :  Wherry,  1122. 

Rutlle,  black,  and  strueverite,  identity : 
Headden,  443. 

Seleniferous  sulphur :   Brown,  127. 
SUlca,  deposition :  Llndgren,  641. 
Silver  minerals:  Guild,  400. 
Spencerite,  crystal  form :  \^lker,  1082. 
Textbook :    Moses    and    Parsons,    744 ; 
Spencer,  977. 

Thaumaslte :  Wherry,  1126. 
Tourmaline :  Gratacap,  396. 
Turquoise :  Gratacap,  396. 
Twinning  in  pseudomorphs,   New  Jer- 
sey:  Canfleld,  170. 

Useful  minerals :  Schrader  et  al.,  910. 
Water  crystals:  Canfleld.  171. 
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Bilnenilf  deicribed.     Bee  lUt,  p.  198, 

KlBBAIOta. 

OeneroL 

Geological    Surrey,    report   for    1914- 
15 :  Bmmons,  828. 

Economic. 

Iron,    Cuyuna    district:    Harder    and 
Johnston,  420. 
Lake    Superior    region:    Crowell    A 

Murray,  240. 
Mesabi  range:  Wolff,  1166. 
ManganiferouB  iron  ores,  Cuyuna  dis- 
trict :  Harder,  410. 
Mesabi  iron  range :  Wolff,  1166. 
Peat:  Soper,  971. 

Titaniferous   magnetites,   northeastern 
Minnesota :  Broderick,  119. 

Phyaiographio. 

Northeastern  Minnesota :  LeTerett  and 

Sardeson,  686. 
Stratigraphic, 

Cayuna  district :  Harder.  419 ;  Harder 

and  Johnston,  420. 
Map,  surface  formations :  Leverett  and 

Sardeson.  635. 
Mesabi  iron  range:  Wolff,  1166. 
Northeastern     Minnesota :     Broderick. 

119. 
Pigeon  Point:  Daly.  251. 
Surface  formations :  Leverett  and  Sar- 
deson. 636. 
Petrology.        ' 

Cuyuna    district:    Harder    and    John 

ston,  420. 
Pigeon  Point:  Daly,  251. 
Tltanlforous    magnotitos,    northeastern 

Minnesota  :  Broderick,  110. 
Miocene.     See  Tertiary. 

Miicellaneous.     ^'cr  aUo   Addresses. 

Ethics  of  petroleum  geologist :  Clapp, 

194. 
Hints    to    prospective    geologists :    Ud- 

den,  1047. 
Military  geology  :  Pogue,  807. 

MissUsippi. 
Economic. 

Oil  and  gas  pos.qiblltties :  Crlder,  239. 
StratUjraphir. 

General  :  Crlder.  239. 
Cn'taceons    tongues :    Stephenson.   9S0. 
Paleontology. 

Gonioptorls    claiborniana,    Lisbon    for- 
mation :  Herry,  73. 
Meridian,  plants  :   Berry.  72. 
Mlsslssippian.      Sire  Carboniferous. 

Missouri. 
Ornrral.    • 

State  geolopist.  biennial  report:  Bueh- 
ler.   i:J6. 
Economic. 

Barite  :  Tarr.   1014. 

T.ea«l.   .loplin   distrlet  :   Buehlor.   137. 

Ozark   region  :    Buebler.    137. 
r.<'aveinvortb    «iunilran^'le  :     Illnds    and 

Greene,   471. 
Mineral    resources:    Buehler.    130. 
Ozark   region  :   Buehler,   137. 


MUwiirl — Continued. 
Boonomio — Contlnaed. 

Bmlthville     qoadranfle:     Binds    ni 

Greene,  471. 
Zinc,  Joplin  distrtct :  Baehler,  187. 
Dynnmie  and  etrueturaL 

Earthquake.  April  9,  1917 :  Finch,  346. 
347 ;  Paige,  775. 
Phyeiographie, 

Leavenworth   quadrangle :    Hinds  ud 

Greene,  471. 
Smithvillcr     quadrangle:      Hinds    tod 
Greene,  471. 
Stratigraphia, 

Alexandrian  series :  Savage,  892. 
Cap-au-Grte  fa*n]t :  Keyes.  568. 
Columbia,  section  :  Branson,  118. 
Leavenworth   quadrangle:    Hinds  tnd 

Greene,  471. 
Osark  region :  Buehler,  1S7. 
Parallelism  of  eastern  and  western  is- 

terlor  ilelds :  Keycs,  576. 
SmlthvUle     quadrangle :     Hinds    tad 

Greene,  471. 
Table  of  formations :  Keyes,  562. 
Paleontology. 

Alexandrian  series,  fauna :  Savage.  891 
Mlsslssippian  faunas,   Phelpa  Coonty: 
Bridge,  118. 
Mineralogy. 

Diasporite,  Rosebud  :  Wherry,  1128. 
Molding  sand. 

Foundry  molding  sands  :  Cole,  215. 
Kollusoa.     See  also   Cephalopoda;  Gastio-     | 
poda;  Pelecypoda. 
California.      Santa     Margarita     bedi: 

Nomland,  759. 
Melanellid     mollusks.     Pacific    region: 

Bartsch,  47. 
Nassldae,  Tertiary :  Harold,  452. 
Ollgocene.  Washington  :  Dlckerson,  219. 
Ripley  fauna.  Tennessee  :  Wade,  1072. 
Santo  Domingo  :  Maury,  707. 

Oligocene :  Pllsbry  and  Johnson.  806. 
MoIIuscoldea.  See  Brachiopoda :  Bryosoa. 
Molybdenum. 

General :  Hess,  455  ;  Horton,  498. 

Occurrence :  Ball,  36. 
Arizona,   FTualpai  Mountains:  Wlckes, 

1138. 
British  Columbia,  Lilloet  mining  divi- 
sion :  Drysdale,  303. 
Manitoba.  Falcon  Lake  :  DeLury.  27L 
Quebec,  Quyon  :  Camsell,  168. 
Monazite. 

United  States:  Pratt.  818. 
Montana. 
Economic. 

Anticlines,   Blackfeet   Indian   Reservi- 

tion  :  Steblnger,  984. 
Bull  Mountain  coal  field,  Mussellsholl 
and  Yellowstone  counties  :  Wool- 
sey  et  al,  1173. 
Dunkleberp    mining    district.    Granite 

(\>unt.v  :  Pardee,  781. 
FerKvu    County  :  P^reeman,  350. 
Manganese.       Philipsburg:       Umpleby, 
1055. 
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Montana — Contlxiiied. 
Bconorn4c — Continued. 

Mineral  production,  1916 :  Helkee,  447. 

Phosphate,  Garrison-  Philipsburg  fields : 
Pardee,  780. 
Dpnamio  and  attMOtural. 

Anticlinee,  Blackfeet  Indian  Beserva- 
tlon :  Bteblnger,  984. 

Baked  shale  and  slag  formed  by  burn- 
ing of  coal  beds :  Sogers,  874. 

Blackfeet  Indian  .Reservation :  Btebln- 
ger, 984. 

Sablacttstrine   glacial    erosion :    Dayis, 
266. 
PhyaiograpMe. 

Iceberg  Lake,  Glacier  National  Park : 
Freeman,  358. 

Pre-Jurassic  base-leyellng :  Condit,  227. 

Sublacustrine   glacial   erosion :    Davis, , 
265. 
Btratiffraphie. 

Blackfeet  Indian  Reservation:  Btebln- 
ger, 984. 

Boulder  batholith :  Blllingsley  and 
Grimes,  80. 

Bowdoin  dome,  Montana:  Collier,  223. 

Bull  Mountain  coal  field,  Mussellshell 
and  Yellowstone  counties :  Wool- 
sey  et  al,  1178. 

Cambrian:  Walcott,  1078. 

Cretaceous  formations,  correlation : 
Hares,  424. 

Cretaceous  seacoast :  Thom,  1020. 

Dunkleberg  mining  district.  Granite 
County:  Pardee,  781. 

Qarrison-Phillpsburg  region :  Pardee, 
780. 

GlacUtion :  Davis,  266. 

Gordon  Mountain  section:  Walcott, 
1079. 

High  gravels,  age:  Collier,  222. 

Pleistocene,  Bun  River  region :  Btebln- 
ger and  Goldman,  986. 

Rocky  Mountain  region,  Paleosoic: 
Tomlinson,  1027. 

Two    Medicine    formation:    Bteblnger, 
986. 
Paleontologtf. 

Albertella  fauna:  Walcott,  1079. 

Blastoidea  and  Brachlopoda,  Carbon- 
iferous, southwestern  Montana: 
Clark,  201. 

Brachyceratops,  Two  Medicine  forma- 
tion :  Gilmore,  378. 
Petrology, 

Baked  shale  and  slag  formed  by  burn- 
ing of  coal  beds :  Rogers,  874. 

Mineralogy, 

Eplboulangerite,      Superior      district : 
Bhannon,  927. 
Moraines. 

California,  Sierra  Nevada,  post-Pleisto- 
cene :  Matthes,  701. 
Newington    moraine.    New    England : 

Kati  and  Keith,  547. 
Pennsylvania :  Williams.  1142. 
Morrison  fornuition,  age :  Bchuchert,  912. 


MouadSi 

Coastal  region.  Gulf  of  Mexico:  Ken- 
nedy, 560. 
Origin:  Kennedy,  560. 

Mud  cracks:  Kindle,  579. 
Vatnral  gas. 

General :  Arnold,  28. 

Accumulation,  dlastrophle  theory : 
Daly,  249. 

Anticlinal  theory :  White,  1133. 

Dlastrophle  theory  of  oil  and  gas  ac- 
cumulation :  Daly,  249. 

Evaporation  of  water  at  depth  by 
natural  gases :  Mills  and  Wells, 
786. 

Practical  value  of  oil  and  gas  bu- 
reaus: Matteson,  699. 

Structural  classification  of  natural 
gas  fields :  Clapp,  195. 

Alberta:  Slipper,  954. 

Appalachian  geosyncline,  deep  sand  pos- 
sibilities, West  Yirginia :  Reger, 
844. 

Montana,  Bowdoin  dome:  Collier,  228. 

Louisiana,    De    Soto-Red    River    field: 

Bfatson  and  Hopkins,  ^96. 
Ohio,  Cleveland  field :  Rogers,  875. 
Cleveland:  Van  Horn,  1060. 
Vinton  County,  Richland  township: 
Panyity,  789. 
Oklahoma  :  Shannon  et  al.,  924. 
Bristow  quadrangle,  Path,  838. 
Cushlng  field :  Beal,  59. 
Texas,    Corsicana    field:  Matson    and 

Hopkins,  697. 
West    Virginia,     Braxton    and    Clay 

coufities:  Hennen,  451. 
Wyoming,   Big   Horn   Basin:    Hewett, 
461. 
Byron  field  :  Ziegler,  1189. 
Oregon  Basin  field  :  Ziegler,  1190.' 

Navajo  country :  Gregory,  402. 

Vebraska. 

Beonomio, 

Natural  fuels:  Barbour,  88. 
Pumlcite :  Barbour,  40. 
Volcanic  ash  :  Barbour,  40. 

Paleontology. 

Aelurodon,    Cherry    County :  Barbour 

and  Cook.  48. 
Amphibian,  Tertiary :  Cook,  230. 
Dinarctotherium,      Pleistocene,      Cass 

County :  Barbour,  89. 
Meteoreodon,  Brown  County :  Barbour 

and  Cook,  42. 
Poebrotherium      (camel),      Oligocene: 

Troxell,  103  i. 
Tetrabelodon,  Boyd  County:  Barbour, 

Petrology. 

Concretions,  Dakota  clays,  Burnham : 
Burnett,  145. 

Underground  water, 

Lodgepole  Valley:  Meinzer,  710. 
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Nevada. 

Bcoftomic. 

Cedar    Range,    Nye    County :    SteTens, 

990. 
Ely  district :  Spencer,  976. 
Gold,   Cedar   Range   district :  TIernan, 
1023. 
Manhattan  dlKtrlct :  Ferguson,   887. 
Silver,    halogen    naltH,    Wonder :  Bur- 
gess, 140. 

Dynamic   and   ntructurai. 

Earthquake  oreTices  :   Reld.  848. 

PhyslograpMc. 

Big  Smoky  Valley  :   Nieluri-r.  709. 
Manhattan  district :   Ftrgusou.  :i37. 
Htratigraphir. 

Big  Smoky  Valley  :  Meinzer,  709. 

Cambrian  :  Walcott,  1078. 

Cedar    Range,    Nye    County :    Stevens, 

990. 
Clayton  Valley  :  Meinier,  709. 
Ely  district :  Spencer,  975. 
Manhattan  district :  Ferguson,  337. 
Paleontology. 

Pliocene  faunas:  Merriam,  713. 
Mineraloffy. 

Ely  district :  Spencer,  976. 
Famatinite,  Goldtield  :  Shannon.  928. 
Silver,    halogen    salts.    Wonder :  Bur- 
gess, 140. 
Underground  water. 

Alkali  Spring  Valley:  Melnzer.  709. 
Big  Smoky  Valley  :  Melnzer,  709. 
Clayton  Valley  :  Meinzer,  709. 
Kew  Brunswick. 
Economic. 

Coal :  Brown,  128 ;  Gray,  398. 

Gloucester  County :  Hayes,  489. 
Galena,  York  County  :  Cairnes.  155. 
Road  materials,  St.  John  :  Hayes,  439. 
Tungsten :  Camsell,   169. 
Burnt  Hill  :  Cairnes,  155. 
Dynamic  and  structural. 

Folding  in  gypsum  layers  :  Andr^,  19. 
New  Hampshire. 
Physiographic. 

Snow  arch.  Tuckerman.s  Ravine.  Mount 

Wa.shlngton  :  Goldthwalt,  384. 
White     Mountains,      local      glaclatlon, 
date  :  .Johnson.  532. 
8trati(jraphic. 

Ncwington    nioraim*  :    Katz   and    Keith. 

547. 
Soiitht'astvrn    N«'w    Hampshire :    Katz. 

510. 
White      Mountain.s.      local      jilaclatlon, 
date  :  .lolinson.  5;{2. 

New  Jersey. 
G(»ernl. 

State    p'olojrist's    report.    1D1«:    Kdiu- 
mel.   {M)0. 
Economic. 

Mineral  industry.   1015:   Kiimmel,  OUO. 
Stratigraphic. 

Greensand  deposits  :  Ashley,  27. 
Quaternary  :  SaUsbury  and  Knapp.  890. 


Haw  Jeraey — Continued. 
Mineraloffy. 

Franklluite,  Franklin  :  Pbilllps,  W 
Pectolite      after      quartz.      Pitei 

Olenn,  380. 
Pyrite  and  stilbite  :  Honess,  478. 
Thaumaslte,   West   Patenon :  Wli 
1123. 
Vaw  Mexico. 
Economic. 

Deming  «iuadrangle  :  Darton.  257. 
Mineral  production,    1916:   Heodt* 

449. 
Navajo  country  :  Gregory,  402. 

Phyaiographic. 

Deming  quadrangle  :  Darton,  257. 
Navajo  country  :  Gregory.  402. 

Stratigraphic. 

Deming  quadrangle  :  Darton.  257. 
Navajo  country  :  Gregory,  402. 
Paleozoic  sections,  southern  New 

ico :  Darton,  258.  259. 
Permian,  Pecos  Valley  :  Wrather,  1 
San  Simon  V«lley :   Schwennesen,' 
Table  of  formations  :  Keyes,  563. 

Paleontology. 

Eryopsoides,  Permian  :  Douthitt.  2 
Underground  water. 

Deming  quadrangle :   Darton,  257. 

San  Simon  Valley  :  Schwennesen,  i 

Vew  York. 
General. 

Catskill  Aqueduct  geology :  Berkey 
Economic. 

Edwards    zinc    pyrite    deposits: 

land,  753. 
Mining    and    quarry    industry,    1 

Newland,  761. 
Petroleum  :  Fuller,  360.  ' 
Pyrite,  northern  New  York :  Newl 
754. 
Dynamic  and  structural. 

Faulting,  eastern  New  York  :  Chad^ 

182. 
Long    Island,    postglacial    marine 
mergence  :  Falrchlld.  330. 
Physiographic. 

Adirondack  and  Cat.sklll  Mount 
local  glaciatlon.  date  :  Johi 
532. 
Adlrondacl<  Mountains  :  Miller.  73 
nine  Mountain  <iuadrangle  :  Miller, 
Hudson  Valley,  upper  :  FalrchiM. 
Iroud«'<iuoit     Valley,     glacial     hist 

Chadwiclt.  181. 
Lonp  Island  :  Falrchild.  330. 
FUrotiijraphiv. 

Adirondack    and     Catskill     Mount 
local  glaciatlon,  date:  Johi 

Adirondack  Mountains  :  Miller.  73 
.\uorthosite      body      In      Adirondu 

Bowen.  9(5  ;  Oushlng.  246. 
Blue  Mountain  quadrangle:  Miller. 
Cayugan      waterl  lines,      western 

York  :   Chadwlck,  184. 
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iTttw  York — CoDttnned. 
8tra  tiffraphic — Continued. 

Ekiwards  sine  pyrite   deposits:    New- 
land,  753. 
Gladatlon,  local,  Catskill  Mountains: 

Bich,  861. 
Graptollte     sones     of     Utica     shale: 

Rnedemann,  883. 
Irondequoit    Vall^.    sladal    history : 

Chadwick,  181. 
Lockport-Gaelph     section,     Rochester : 

Chadwick*  188. 
Long    Island,    postglacial:    Falrchlld, 

380. 
Ogdensburg  region :  Cashing,  245. 
Postglacial,     apper     Hudson     Valley: 

Falrchild,  329. 
Trenton  and  Black  River  formations : 
Coryell,  287. 
Paleontoloinf- 

Trenton  and  Black  River  formations: 
Coryell,  287. 
Petrologif. 

Blue    Mountain    quadrangle:    Miller, 
788. 
MinenUoffy. 

Caldte,  green,  Glens  Falls :  Koch,  597. 
Garnets,  New  York  City :  Manchester 
and  Stanton,  684. 
Vicksl. 

General:    Hess,    464;    Royal    Ontario 

Nickel  Commission,  882. 
Ontario:   Royal   Ontario  Nickel   Com- 
mission, 882. 
Sudbury:    Bateman,    54;    Coleman, 
220. 
origin :  Tolman,  1025. 
Vltrata. 

Origin  in  cUifs  and  ledges:  Gale,  862. 
Homsnelaturs.      See    also    under    Strati- 
graphle 
Amorphous  minerals:  Rogers,  872. 
Aphrolith  and  dermolith :  Jaggar,  517. 
Dermolith :  Jaggar,  517. 
Igneous  rocks :  Johaansen,  526. 
Metamorphic  rocks:  Miller,  785. 
Minerals:  Wherry,  1114. 

native  element:  Wherry,  1120. 
Pre>Cambrian :  Keyes,  567. 
Tongue:  Stephenson,  989. 
North  OsroUna. 
Qenerat. 

State     geologiBt's     report,     1915-16: 
Pratt,  817. 
Ectmomic. 

Kings   Mountain   district:   Keith   and 

Sterrett,  558. 
Tin,   Kings   Mountain   district:   Keith 

and  Sterrett,  558. 
Virgilina  district :  Loiney,  608. 
Difnamio  and  structural. 

Barthquake,  August  26:  Finch,  844. 
Landslides:  Holmes,  475. 
Stratiffraphic. 
Greensand  deposits:  Ashley.  27. 
Murfreesboro  ntsge  of  east  coast  Mio- 
cene: Olsson,  764. 


North  Oarolina — Continued. 
Stratigraphic — Continoed. 
Orsnge  County :  Smith,  965. 
Pliocene,  Orange  County :  Smith,  964. 
VlrgUlna  district:  Laney,  608. 
Petrology, 

Diorites,  Chapel  Hill :  Smith,  966. 
Virgilina  district:  Lsney,  608. 
North  Dakota. 
Btratigraphio. 

Cretaceous  volcanic  ash  bed :  Stanton, 

982. 
Geologic  history :  Leonard,  688. 
Paleontology. 

Titanoides:  Gidley,  374. 
Northwest  Territory. 
Bconomic. 

Great  Slave  Lake :  Cameron,  161. 
Stratigraphic. 

Great  Slave  Lake :  Cameron,  161. 
tforaoulits. 

Arkansas,  Caddo   Gap  and  De  Queen 
quadrangles :  Miser,  787. 
Nova  Scotia. 
Sconomio, 

Coal :  Brown,  128 ;  Gray,  898. 
Gold-bearing  series.  Queens  and  Shel- 
burne  counties:  Faribsult,  881. 
Iron,  Londonderry  :  Hayes,  489. 

Pictou  County :  Hayes,  489. 
Magnesite,  Inverness  County :  Hayes, 

489. 
Stirling  sinc-copper-lead  deposits.  Caps 

Breton :  Cairnes,  156. 
Tungsten :  Camsell,  169. 
Dynam4e  and  etruetural,  . 
Deformation   of  unconsolidated   beds: 
Kindle,  561. 
Phyeiographie, 
Cape  Breton  Island,  physiographic  divi- 
sions :  Goldthwait,  885. 
Siraiioraphie. 

Annapolis  and  Kings  counties :  Hayes, 
489. 

Ohio. 

Ncofiosiie. 

Clinton  gas  pools :  Panylty.  789. 
Coal  fields:  Bownocker,  104. 
Coal  tonnage :  Clark,  198. 
Natural  gas,  Cleveland  field,  Cuyahoga 
County  :  Rogers,  875  ;  Van  Horn, 
1060. 
Richland  township,  Vinton  County : 
Panylty,  789. 
Oil,  black  shales :  Ashley,  26. 
Petroleum:    Bownocker,    103;    Fuller, 
360. 
Clevelsnd :  Vsn  Horn,  1060. 
Southern  Ohio:  Stout,  1008. 
Dynamic  and  etructural. 

Concretionary  forms  in  Greenfield  lime- 
stone :  Nspper,  746. 
Intraformatlonal     pebbles,     Richmond 
group,      Winchester :      Foerste, 
849. 
Stratigraphic. 

Borings,  Clevelsnd :  Vsn  Horn,  1060. 
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Oklo— CdntlniMd. 
8tfUor€9hio — CoDtlniwd. 
Ctoreland  is*  fleid,  Cnjabogft  County : 

Rofcn.  870. 
DeTonUn  shales :  Yerwlebe,  1007. 
GlsdstloD :  Hsss,  412. 
Linton  deposits,  origin  :  Case,  178. 
Mltslsslpplsn :  Yerwlebe.  106«. 
Olentsngy  shsle :  Grsbsa,  898. 
BUniisn :  Foerste,  800. 
Sovthesstern  Ohio:  Csie,  178. 
Sonthern  Ohio :  Stont,  1008. 
Winchester,  Elchmond  gronp :  Foerste, 
840. 

Psleostolopy. 

Linton  fauns,  euTlronment :  Csse,  178. 

Silurian :  Foerste,  800. 
Pdrolopif. 

OU    Held    rocks,    southeastern    Ohio: 
Goldman,  881. 

OIL    Acs  Petroleuai. 

OU  Oalss. 

Green  River  field :  Winchester,  1108. 
United  Btetes :  Wlncheeter,  1108, 1100. 


▲Bsrlosn  Association  of  State  Geolo- 
gists, field  trip  In  Oklshoms : 
Hotchkls),  496. 

Miami  district :  Perry,  796. 

Mstursl  gss :  Shannon  el  al.,  924. 

Oil  and  gas  possibilities.  Bristow  quad- 
rangle: Fsth,  888. 

Petroleum :  Gardner,  804 ;  Hsger,  414 ; 
Shsnnon  et  at.,  924. 
age  In  southern  Oklahoma :  Powers, 

816. 
anticlinal  theory,  evidence  on :  Ea- 
ger. 418. 

Gushing  field,  petroleum:  Conkltng, 
228. 

HealdtoD  oil  field :  Powers.  810. 
Stratitfraphic. 

Bristow  quadrangle.  Creek  County : 
Fatb,  838. 

CuBbing  oil  and  gas  field :  Beal,  09. 

Healdton  oil  field  :  Powers,  815. 

Miami  district :  Perry,  796. 

Ordovlclan  beneath  Ileuldton  oil  field : 
Powers,   812. 

Pennsylvanian,     correlation :     Bloesch, 

88. 
PoBt-Permlau,  north  central  Oklabniiia  : 
Bloeach.    80. 

Pottavllle  format lonn  :  Mathor,  080. 

Boutbern  Oklahoma  :  Powern,  810. 
Palrontolofjy. 

FootprlntB,  PawbuRka.  PcnnMylvanian  ; 
Jillson,  523. 

Pleistocene  fauna :  Troxell,  1033. 

Ontario. 
Oeneral. 

London  area  :  Stansfleld,  980. 
Boonomic. 

Algoma  district:  Teuton,  1018. 


Ontario—- OoBtlnned. 
^oonosilo— COBttansd. 

Bvrsau  of  Mlasfc,   report* 

son,  878« 
Copper,  Ifassey  mine :  Uacola,  UL 
Gold,    Boston.  Creek    arsa:    Bantsi 
and  Hopkins,  146. 
Goodfish  Lsks  area:   Barrowi  ui 

HopklnsT  147. 
Kowkssh  srea:  Hopkins.  486. 
Iron:  Boblnson,  868. 
Gunfltnt  area :  Paroona,  784. 
Hunter  Islsnd :  Parsons,  784. 
Iron    pyrites,    southeastern    Oatirii: 

Hopkins,  489,  401. 
Klngdon  lend  mine :  Hardmaa,  411. 
Klrkland    Lake    gold    district:   Btt» 

man,  66. 
Lake  Huron,  north  shore :  Colllni»  W 
Lead,  Galetta:  Newnam,  706. 
Nickel :  Royal  Ontario  Ntekd  Cowrii- 

alon,  888. 
Northern  Ontario:  Whltmaa,  1188. 
Onaplng  area :  Collliis»  2S4. 
Petroleum:  Iflllsr,  781. 

Petrolla  field :  Stanalleld.  978. 
Road  materlala:  RelBMke.  849.  860. 

Trenton-Napaase :  Clark,  199. 
Sliver,  Cobalt :  Bastin,  01. 
Sudbury  district:  Tanton.  1018. 
Sfidbury  minerals,  guantltatlTe  sMti- 

urement:  Dresser,  801. 
Sudbury  on  deposits,  genesis:  BatP- 
msn,  54 ;  Colomaa,  220 ;  CorlM, 
885 ;  Dresser,  801 ;  Tolmsn  asd 
Rogers,  1080. 
Dpnamic  and  ttrueturah 

Deformation   of   unconsolldsted  bsdi: 
Kindle,  081. 
Physioffraphio, 

Champlain  see  In  Lake  Ontario  baibi: 

Mather,  692. 
Espanola  district:  Qulrke,  827. 
Lake  Agassis:  Johnston.  686. 
Ontario   shore   Una,    age   and  origlB: 
Spencer,  976. 
Stratigraphio. 

Algoma  district:  Tanton,  1018. 
Boston  Creek  gold  area :  Burrows  tod 

Hopkins.    146. 
Espanola  district:  Qulrke,  827. 
Glauconitic    unconformity,    DeTODlao: 

Andr^,  10. 
GoodflHh  l^ke  gold  area:  Burrows iitd 

Hopkins.  147. 
Hudson   Bay  n^f^on :  Sayage  and  Vii 

Tuyl,  804. 
Hunter  Island  iron  deposits:  TarMiii. 

784. 
.Tami'S    Bay    ref^ion :  Sarage   and  Vid 

Tuyl.  804. 
KuwktiMh  gold  area  :  Hopkins,  490. 
Lake  Huron,  north  shore:  Collins. 225. 
I^ke     Timlskamlng     area,     Paleoiolc 

rocks  :  Hume.   503. 
Onaplng  area  :  Collins.  224. 
Ontario  basin :  Coleman,  22L 
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Ontario — Continued. 

8tra  tigraphic — Continued. 

Petrolla  oil  field:  Btansfleld,  979. 
Pleistocene,    Ottawa    area :  Jobnaton, 

534. 
Rockwood   anticline:  Williams,   1146. 
Sou  tb  western        Ontario :      Williams, 

1145. 
Sudbury  district:  Tanton,  1018. 
Toronto  region :  Coleman,  221. 
Paleontology. 

Trenton,  Wolfe  Island:  Matber,  690. 
Petrology. 

Onaping  area :  Collins,  224. 
Sudbury   minerals,   quantitatlTe  meas- 
urement: Dresser,  801. 
Mineralogy. 

Cobalt  minerals:  BUswortb,  320. 
Euxenite,     Soutb     Sberbrooke:  Miller 
and  Knigbt,  782. 
Ontario     abore     line,     age     and     origin : 

Spencer,  976. 
Cxdoriolaa. 

Correlation:  Raymond,  883. 
Btratigraphy. 

Arkansas,  Caddo  Qap  and  De  Queen 

quadrangles:  Miser,  787. 
California:  Smitb,  962. 
Colorado,   Gold   Brick   district:  Craw- 
ford and  Worcester,  288. 
Idabo,  Mackay  region  :  Umpleby,  1054. 
Kentucky,  central :  Pbalen,  799.  . 

Irrine  field  :  Sbaw,  982. 
Manitoba,  Scbist  Lake  district :  Bruce, 
138. 
soutbeastern ;  Wallace,  1088. 
Wewusko  Lake  area :  Bruce,  188. 
Maasacbusetts :  Emerson,  821. 
Michigan,    Little    Bay    de    Noquette: 

Foerste,  852. 
Missouri,  Osark  region :  Buehler.  187. 
Nevada,  Ely  district:  Spencer,  975. 
New     Mexico,     Deming     quadrangle: 
Darton.  257. 
soutbern :  Darton,    258. 
New    York,    Adirondack     Mountains: 
Miller,  784. 
Ogdensburg  region :  Cusblng,   245. 
Nortb     Carolina,     Yirgilina     district: 

Laney,  608. 
Ontario,     Lake     Timlskaming:  Hume, 

503. 
Pennsylvania,         Cumberland-Lebanon 

Valley:  Stose,   1007. 
Quebec,  Lake  St.  Jobn  basin :  Dreaser, 

298. 
Rocky    Mountain    region :    Tomlinson, 

1027. 
St     Peter    sandstone,     origin :  Trow- 
bridge.  1029. 
Tennessee,      Higbland      Rim :  Purdue. 
825. 
Waynesboro  quadrangle  :  Miser,  788. 
Trenton  and   Black   River  formations. 

New  York  :  Coryell,  237. 
Utica   sbale,   graptolite  zones;   Ruede- 
mann,  888. 


Ordovlolaa — Continued. 
Stratigraphy — Continued. 
Vermont,  Calais,  Bast  Montpeller,  and 

Berlin:  Richardson,  853. 
Vermont,  western :  Perkins,  794. 
Virginia,  VirgiUna  district :  Laney,  608. 

Paleontology. 

Michigan,    Little    Bay    de    Noquette: 

Foerste,  852. 
Ontario,      Wolfe      Island,      Trenton : 

Matber,  690. 
Richmond  fossils :  Foerste,  851. 
Trenton  and  Black  River  formations. 

New  York :  Coryell,  287. 
Trenton,      Wolfe      Island,      Ontario: 

Mather,  690. 

Ore  deposits,  origin.     For  ore  deposits  la 
peneral  see  Economic  (general). 

General. 

Enrichment    of    ore    deposits :    Em- 
mons, 824. 
Faulting  and   richness  of  ore:  Mc- 
Lennan, 678;  Soper,  970,  972; 
Storms,  1006. 
Magma  tic  segregation  and  ore  gene- 
sis :  Singewald,  951. 
Magmatlc  sulfids:  Tolman,  1026. 
Asbestos,    Black    Lake-Thetford    area, 

Quebec:  Graham,  895. 
British    Columbia,    Rossland    district: 

Brace,  182. 
California,    Engels :'   Graton    and   Mc- 
Laughlin, 897;  Tolman,  1024. 
Colorado,    Central    City    quadrangle: 

Bastin  and  Hill,  58. 
Copper,  Engels,  California :  Graton  and 
McLaughlin,  897. 
North   Carolina,   Virgilina   district: 

Laney,  008. 
sphalerite,    relation    to    other    sul- 
phides in  ores :  Teas,  1017. 
Virginia,    Virgilina   district:  Laney, 

608. 
Warren   district,   Arisona :   BoniUas 
et  al.,  92. 

Graphite,  Quebec,  Buckingham:  Wil- 
son, 1152. 

Idaho,  Coeur  d*Alene  district,  Success 
zinc-lead  deposit :  Hersbey,  458. 
Mackay  region :  Umpleby,  1054. 

Iron :  Sosman,  978. 

Cuba,  Firmeza  district :  Roesler,  871. 
manganiferous       ores,       Minnesota, 

Cuyuna  district :  Harder,  419. 
titaniferous  magnetites,  Minnesota : 
Broderick,  119. 

Lead  and  zinc,  Ozark  region :  Buehler. 
137. 

Montana,  Boulder  bathollth :  Billings- 
ley  and  Grimes.  80. 

Nickel,  Ontario,  Sudbury  deposits : 
Bateman,  54 ;  Coleman.  220 ; 
Corless,  235 ;  Dresser,  801  ;  Tol- 
man, 1025. 

Pyrite,  Leona  rhyollte:  Clark,  197. 

Silver,  Cobalt,  OnUrio :  Bastin.  51. 
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On  iffptftta.  •riflB— CoQtIniied. 

Sllrer  ortu,  mlcroaeople  study:  Guild, 


Tancrten  dcpoalti:.H«n,  467. 

Inyo  Omnty,  California  :  Knopf,  B02. 
Ilnc»  Wlaconain:  Goorfe,  S70. 
£lne-lead  depoait,  Coenr  d'Alaaa,  Idaho : 
Umpleby,  1068, 


Beomomie, 

Iron :  Whittler,  1187. 

Mineral  production,  iei6:  Tale.  1188. 
i^m9mie  ond  9truetmral. 

Qlaelen,  Mt.  Jefferaon :  Hatch.  429. 

llonnt   Hood,   TOloaotc  activity:   Jlll- 
aon,  624. 
BtrmUgruphie. 

Sataop  formation:  Brcta,  116. 
FnloonlolOfPif. 

Corala :  Momland,  760. 

PUoceno  fnnnaa:  Merrlam,  718. 
Jflnamloair. 

Prloelto,  Curry  County :  Laraan,  609. 
Ore  ahoota.    Bee  Beonomle  foology;   Ore 
depoalta,  origin. 


Fnn  atmctnre,  Canadian  Rocky  Moun- 

talna :  Keyea,  674. 
New     Mexico.     Demlng     quadrangle: 

Darton.  267. 

Oadllatlon.    See  Changea  of  level. 


Current  rlpptos  as  ladlaiton:  Wm 
186. 

Oeoayndlne,    waatcrn    inteckr: 
Tuyl.  1061. 

Montana,  Cretncooua :  nMM,  lOli. 

Panama   straita,    anelant:   DMct 
881. 

Tertiary:  Vaughan.  1064. 
Paleomotaarolagy.    See  Pnieoclimatolag! 
Faloeatology     (general).       See    cIm 
Omaeee   ef   amimmU  and  Pi 
botany.     Far   ttrolffrapMe 
the  MfTerent  ayatana.    fw 
gUmmi    eee    namee    of    SU 
Bee  afao  ETolutlon. 

BTOlotion.    paleontologlcai    erldca 
Scott.  016. 

BTolutlon  theory :  Scott,  916. 

Genetlca:  Gregory,  406. 

luTertehratea,  Inorganic  eonatltae 
Clarke  and  Wbeolcr.  207. 

Or%ln  and  evolution  of  life:  Ort 
768. 

Rock4>orlng  nntanala,    geologic  fii 
canct:  Barroim,  46. 
Palaaaola  (undUterentlnted). 

Alaaka,  Kantlahna  region:  Cappi, 


Silurian.  Appalachian  region:  tllrich, 
1068. 

Osokerlta. 

Tezaa.  Thrall  oil  field:  Schoch,  907. 

Paleobotany. 

Arkansaa.  Bingen  aand:  Berry,  69. 
Atlantic     Coaatal     Plain,     Tertiary: 

Berry,  68. 
Camptothe«iuin,   Kanaan   drift,    Iowa : 

Grout,  408. 
Carapa.  Eocene :  Berry,  70. 
Florida.     Vero,     Pleiatocene:     Berry, 

65.  77. 
Fruit     or     nut,     auppoaed.     Tertiary, 

Alaaka :  Thomaa,  1022. 
Gonlopteris       claiborniana.       Eocene : 

Berry,  73. 
Maine,      PleiBtocene     plants,      marine 

clays:  Berry,  75. 
Mississippi,  Meridian  :  Berry,  72. 
Pennsylvanian,  Indiana :  Jackson.  610. 
Wyoming,  Frontier  formation  :  Knowl- 

ton,  505. 

Paleoelimatology. 

Lithologic  evidence  of  climatic  pulsa- 
tions :  Vail.  1058. 

Martinez  Eocene  time,  climatic  zones  : 
Dlckerson,  280. 

Oligocene,      Washington :      Dickerson, 
279. 
Paleogeograpby.    See  aluo  Geologic  history  ; 
Paleoelimatology ;  Paleogeo- 

graphic  maps. 


Dynamio  and  etmetwreL 
Barthquakea,  Almlrante,  April,  1 

Bold,  846. 
Blldea :  Branner.  Ill ;  MUler.  781 
I       Phyaiographio. 

'  Ancient  canala:  Dl^keraon,  281. 

Poleonlology. 

Echini:  Jackaon,  609. 
Paragaaeaia  of  mlnamU. 

Brltlah  Columbia,  8k>ean  dlatrlet 

low,  1001. 
North     Carolina.     Vlrgllina    dls 

Laney,  608. 
Replacement  of  aulphldea  by  qi 

Wolcott.  1164. 
Virginia.    Vlrgllina    dlati^:    I 
608. 
Peat. 

Minneaota:  Soper,  971. 
Nebraaka:  Barbour,  88. 
Pebblea. 

Intraformational.      Richmond     i 
Foerste,  349. 
Peleoypoda.     Bee  also  MoUuaca. 

Jamaica.    Bowden    fauna :    Wo( 

1170. 
Nuculites,   Silurian,   Maine:   Wi 
1143. 
Peneplains. 

Age  in  Rocky  Mountains :  Atwo< 

Blackwelder,  82. 
Appalachian    peneplains,    agea : 

929. 
Kansas :  Beede,  61. 
Washington,  Cascade :  Smith.  9< 

Pennsylvania. 
Economic. 

L«higft  County:  MUler,  728. 
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PennsylyanU — Continued. 
Economic — Continued. 

Oil,  black  shales:  Ashley,  26. 
Petroleum  :  Puller,  360. 
Dynamic  and  atructural. 

fntraformatlonal  structure  in   Ordoyl- 

clan  limestone:  Field,  341. 
Susquehanna  River,  erosion  :  Mathews, 
694. 
Phyfrioffraphic. 

I>eep8  of  Susquehanna  River  :  Mathpws, 

694. 
Lehigh  County:  Miller,  728. 
Stratiyraphic. 

Boyertuwu  Hills :  Jonas,  537. 
Cumberland-Lebanon      Valley      shales, 

age:  Stose,  1007. 
I>evonlan  shalee:  Virwlebe.  1067. 
Glaciatlon,       first       phase :  Williams, 

1142;  Wright,  1178. 
Helderberg  limestone :  Reeside.  841. 
Lehigh  County:  Miller,  728. 
Mississlppian :  Verwlebe.  1066. 
Trlassic,      Piedmont     Plateau :  Jonas, 
537. 
Paleontology. 

Calamops  paludosus   (labyrinthodont), 
TrlasBlc:  Sinclair,  949. 
Petrology. 

Pre-Cambrian,    eastern    Pennsylvania : 
Wherry,  1115. 
Pennsylvanian.    See  Carboniferous. 
Pennsylvanian  •  Permian  stratlgraphir 

break:  Lee,  624. 
Pentremltes.     Bee  Blaatoidea. 
Permian.     Bee  Carbonlferoiis. 
Petroleum. 

General :  Arnold,  2ft,  24 ;  Mayer,  708 : 
Walker,  1081. 
Accumulation :  Daly,     260 ;     Lauer, 
621. 
dlaatrophic  theory :  Daly,  249. 
Anticlinal  theory :  White,  1133. 
Oklahoma    evidence    on :    Hager, 
413. 
Brines  of  oil  fields,  origin :  Reeves, 

842. 
Capillarity,   effect  on   oil  accumula- 
tion :  McCoy,  667. 
Capillarity     in     oil     accumulation : 

Washburne,  1099. 
Diastrophic   theory    of   oil   and   gas 

accumulation :  Daly,   249. 
Estimation  of  reserves :  Pack,  773. 
Ethics  of  petroleum  geologist :  Clapp, 

194. 
Geology,    relation    to    oil    industry : 

McDowell,  670. 
Gravity   variation   due  to   sulphur : 

Rogers,  876. 
Intrusions,  relation  io  origin,  Mex- 
ico: Garfias,  367. 
Oil  field,  type  report  on :  Kite,  584. 
Origin  :  Richardson,  855,  857  :  White, 
1132. 
petroliferous    mounds :    Chautard, 
191. 


Petroleum — Continued. 
General — Continued. 

Petrology  of  reservoir  rocks :  Lauer. 
621. 

Practical  value  of  oil  and  gas  bu- 
reaus :  Matteson,  699. 

Prospecting:  Allen,  14. 

Rock  pressure,  cause:  Shaw,  981. 

RAle    of    geology    In    discovery    of: 
Ziegler,   1191. 

Structural     clasaiflcation    of    petro- 
leum fleld« :  Clapp,  195. 

Alberta:  Slipper,  954. 
Appalachian     geos>ncllne,     deep  -  sand 
possibilities,      West      Virginia : 
Reger,  844. 
Appalachian  oil  field :  Fuller,  360. 
dry  sands  :  Reeves,  843. 
dryness    of    certain    sands:    Shaw, 
933. 

California  :  Pack,  774. 

McKittrick  district:  Gester,  872. 
Canada :  Miller,  781. 
Cuba,  Bacuranao :  BrSdermann,  120. 
Illinois:   Kay,   548,   549. 

Plymouth  oil  field:  Blatchley,  86. 
Indiana  r  Bownocker,  108. 
Kansas :  Gardner,  364. 
Kentucky :  Gardner,  866. 

Irvine  field  :  Shaw.  932. 
Louisiana :  Gardner,  864. 

De    Soto-Red    River    field:    Matson 
and   Hopkins,   696. 

petroliferous  mounds,  origin :  Chau- 
tard, 191. 

Mexico:  Day,  269;  WUftoh,  1151. 
Isthmus   of   Tehuantepec:    Hartlej, 
426. 
Ohio :  Bownocker,  108. 

Cleveland:  Van  Horn,   1060. 
Oil  shale:  Winchester,  1158^ 
Oklahoma  :  Gardner,  864 ;  Hager,  414. 
Shannon  et  a  I.,  924. 
Bristow  quadrangle:  Path,  888. 
Cushlng  field:   Beal,   59;   Conkling, 

228. 
Healdton  ell  field:  Powers,  815. 
southern :  Powers,  816. 
Ontario :  Miller,  781. 

Petrolia  field  :  Stansfield,  979. 
Tennessee,    Glenmary    field :    Purdue, 
824. 
Scott    County,     Glenmary :     Glenn, 
379. 

Texas :  Gardner,  864. 

Brenham  salt  dome:   Hopkins,  487. 
Corsicana   field :    Matson   and    Hop- 
kins, 697. 
Humble  field :  Deussen,  274. 
petroliferous  mounds,  origin :  Chau- 
tard.  191. 
Thrall  oil  field:   Udden  and  Bybee, 
1050. 
United  Statea:  Shaw,  930. 
West     Virginia,     Braxton     and     Clay 
counties:  Hennen,  461. 
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Pttroloum — Contlnaed. 

Wyoming:  Trumbnll,  10S6. 
Big  Horn  B«8in :  Hewett.  461. 
Byron  fleld  :  Zlegler,  1180. 
Oregon  Basin  fleld  :  Zleglvr,  1100. 

Petrology  (general).     See  also  Ignenup  and 

Tolcanlc  rocka  ;  Technique.     For 

regional   nee    namcii   of   States. 

'  For    rocks    drscribed,    are    list, 

p.  his. 

Abfltrncts  and  revlewa :  Johiinnsen. 
r.27. 

AnalyHeH  uf  iKUeouH  rorkH :  Washing- 
ton.   1100. 

AnorthOHlteH :   Uowen.  04. 
origin  :   Uowen,  05. 

Average  analyses  In  defining  Igneoub 
rooks:  Mathews,  003. 

Baked  shale  and  slag  formed  by 
burning  of  coal  beds :  Rogers, 
874. 

Common  minerals  and  rocks :  George, 
871. 

Microscope:    Wright.    1175. 

Mineragraphy,  technique :  Whitehead, 
1184. 

Phosphate. 

General :  Stone.  1001. 

Alberta :  Adams,  1 :  Adams  and  Dick. 

6;  De  Schmld.  273. 
Idaho:  Bell,  62. 
Kentucky,  central :  Phalen,  700. 
Mexico,  Monterey :  Flores,  348. 
Montana.    (larrlRon-Phlllpsburg   fields : 

Pardee,  780. 
United  States  :  Mansfield,  685. 
Western    United    States  and    Canada : 

Ferrler,  330. 

Physiographic   (general).     For  regional  see 

under  the  various  States.     Bee 

also  Drainage  changes. 
General :  Baker,  34. 
Appalachian    peneplains,    ages :   Shaw, 

020. 
Badlands  :  Marlnelll,  687a. 
Description     of     land     forms :  Jaeger. 

513a. 
Epicene      profiles     in     desert      lands : 

Keyes,  572. 
Great  Plains  :   Waldbaur.  lOSOa. 
Rocky    Mountains.    aj?»>   of   peneplains : 

lUackwrldiT,    S2. 
Step  lanils«ap«-s  :    WaMliaur.   U>><Oa. 
Terrailni!;  ol  bajada  hcits  :    Ki\v<'s.  5«;i>. 
TopoKraphio    maps    of    I'nltt'jl    States  • 

Davis.   L't;4. 
United  Statr.s.  phy.<l<>^raphif  (llvisioiis  : 

Feniienian.  3o4.  :;35. 

Pigeon  Point.  Minnesota:   I>aly,  2r>l. 
Pisoes.  ' 

IJIblio^'iaphy  :   Dean  ami  I'^a^t man,  1!70.    | 
Campodus  aiKl   IMestus:  Ma^itman.  .'IKJ. 
Colleitioii   of   r.   s.    Nalli'iial    Mu*;»'iim  : 

Ka.strnan.   .'{15. 
Ellosmen*       Land,      Devuulun      Ilshes  : 
KiJBr,  677. 


Piioea — Continued. 

Istiophoms  calTertensls,  MSoeeM,  fl^ 
glnla :  Berry,  71. 
Placers.     Bee  Gold. 
I'lagloclases,     decimal     groopinff:  CtlklBi^ 

157. 
Piants.  fossil.     Bee  Paleobotany* 
Platinum. 

General:  Hill,  468. 
Pleistocene.     Sec  Glacial  gMlogy;  Qiiit» 

nary. 
Pliocene.     See  Tertiary. 
Polyzoa.     See  Bryozoa. 
Portland  cement.     See  Cement. 
Porto  Bloo. 
Paleontology. 

Mammalia  :  Anthony.  20,  21. 
Potash. 

General :  Gale,  801 ;  Phalen.  800. 
Georgia,     potash-bearlng     alatei:  Ih- 

Callle.  604. 
Greensand    deposlta,     eastern    Uattil 
States:  Ashley,  27. 
Pre-C^mbriaa. 
Stratigraphy. 
General :  Keyea,  567. 

Correlation  :  Lane.  605. 
Arizona.  Warren  district :  Bonlllai  ft 

al.,  02. 
British    Columbia,    Kootenay   regloa: 

Drysdale,  803. 
California:  Smith,  962. 
Colorado.    Central    City    qoadrangle: 
Bastln  and  Hill.  53. 
Gold   Brick   district:  Crawford  aai 
Worcester,  288. 
Kansas  granite  r  Powers.  818. 
Labrador,  northeastern  :  Coleman.  219. 
Manitoba,  Schist  Lake  district :  Bnct, 
188. 
southeastern  :  Dresser,  200 ;  Wallto^ 

1083. 
Wewusko  Lake  area  :  Bruce,  183. 
Maryland.  Tolchester  quadrangle:  Mil- 
ler et  ai.,  730. 
Massachusetts :  Emerson.  821. 
Minnesota,    Cuyuna    district:  Harder. 
419  ;  Harder  and  Johnston,  420. 
Mesabl  Iron  range :  Wolff.  1166. 
Missouri.  Ozark  region  :  Buehler.  137. 
Montana,    (iarrlson-PhiUpsburg   fleldi: 

Pardee,  780. 
New      Mexico.      Deming      quadrangle: 

Darton,  257. 
New     York.     Adirondack     Mountalni: 
I^luc    Mountain    quadrangle :   MiHtf. 

7;i3. 
I'M  wards  district :  Newland.  753. 
(>:;<1ensl»ur{:  region  :  Cushlng.  245. 
N'»rfh    raroUna,    Kings    Mountain  dlfr 
trie!  :   Keith  and   Sterrett.  558. 
Vlr^iltna    district:    Laney,   008. 
Ontario.    Hostrm   Creek  area:  Burrow* 
and    Ilripkin.s   146. 
Kspanola   district:   Qulrke.  827. 
GoiMJiish    Lake    area:    Burrows  tt* 
liopklns,   147. 
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Prv-Cambrlan — Continued. 
Sir  a  tiffrnphif — Contln  aed . 

Ontario,  Boston  Greek  area — Continued. 
Kowkash  area:  Hopkins,  490. 
Lake   Tlmiskaming :    Hume.   508. 
Onaplng  area  :  Collins,  224. 
Pennsylvania,  eastern :  Jonas,  537. 

Lehigh  County:  Miller,  728. 
Quebec,     Orenyille     district :     Wilson, 
1153,  1154. 
Lake  St.  John  basin  :  Dresser,  298. 
Northern  Transcontinental  Railway, 
Hervey    Junctlon-Doucet :    Ban- 
croft, 87. 
Pontiac  and  Ottawa  counties :  Keele, 
556. 
Rhode  Island:  Emerson,  321. 
Virginia,     Virgillna    district :    Laney. 
008. 

Primates.     See  Mammalia. 
Psendomorphs. 

Pectolite  after  quartz,  Paterson,  New 
Jersey:  Glenn,  380. 
Pumioito. 

Nebraska :  Barbour,  40. 
Pyrite. 

California,  Leona  rhyoUte :  Clark,  197. 
New    York,    Edwards    district :    New- 
land,  753. 
northern :  Newland.  754. 
Ontario,   southeastern :    Hopkins,   489, 
491. 
Qnateraary.     See  alao  Glacial  geology. 
Stratigraphy. 

Alaska,    central.    Quaternary    history: 
Eakin,  809. 
Tolovana  district :  Mertle,  720. 
Arlsona.     Navajo     country :     Gregory, 

402. 
California :  Smith,  962. 
Florida,   Vero :    Berry,    77 ;    Chamber- 
l!n.    186.    187;    Hay.    436;    Sel- 
lards,   922 ;   Vaughan',   1063. 
Kansas,  Equus  beds :   Hay,  434. 
Maryland,  Tolchester  quadrangle :  Mil- 
ler et  al„  730. 
Mexico,  Ix>wer  California :  Helm,  448. 
Nevada,    Big  Smoky  Valley :   Melnzer, 

709. 
New    Jersey :    Salisbury    and    Knapp, 

890. 
New  Mexico,  Deming  quadrangle :  Dar- 
ton,  257. 
Navajo  country :  Gregory,  402. 
North   Dakota :   Leonard,   633. 
Ontario,     Espanola     district :     Quirke, 

827. 
Oregon,  Satsop  formation:  Bretz.  115. 
Batsop   formation,   Oregon   and   Wash- 
ington :  Bretz,  115. 
Vermont:  Falrchlld.  327. 
Washington,  Satsop  formation :  Bretz. 
115. 
Paleontoloffp. 

California,    Rancbo    La     Broa,    Biifo : 
Camp,  162. 
Nothrotherium  :  Stock,  008. 


Quaternary — Continued. 
Paleon  tology — Continued. 
Florida,  Vero :  Sellards,  920. 

Pleistocene,  Plants:  Berry,  66,  66. 
Vertebrata:  Hay,  435,  436. 
Hawaii,  Amastra :  Cooke,  281. 
Illinois,  Sangamon  peat,  beetles :  Wick' 

ham,  1140. 
Iowa,   Kansan   drift,   Camptothechim : 

Grout,  408. 
Kansas,  Equus  beds:  Hay,  434. 

Mastodon :  Hay,  437. 
Maine,      Pleistocene     plants,     marine 
clays :  Berry,  76. 
Watervllle:  Little,  643. 
Nebraska.     Cass     County,     Dinarcto- 
therium  :  Barbour,  39. 
Tetrabelodon :    Barhour,    41. 
Pleistocene  fauna,  Oklahoma :  Troxell, 

1083. 
Texas,  Vertebrata :  Hay,  432. 
Yukon,  Bquus:  Hay,  438. 

Qnebee. 

Oeneral, 

Northwestern  Quebec:  Cooke,  284. 
Economic. 

Buckingham  area:  Wilson,  1152. 

Chromite:  Dresser,  300. 

Kaolin,  Amherst  Township,  Labelie 
County :  Wilson,  1154. 

Limestones :  Roulllard,  881. 

Magneslte,  Grenville  district,  Argen- 
teuil  County:  Wilson,  1153- 
1156. 

Mining  operations,   1916:   Denis,  272. 

Molybdenite,  Quyon  :  Camsell,  168. 

Northern  Transcontinental  Railway, 
Hervey  Junction-Doucet :  Ban- 
croft, 87. 

Pontiac  and  Ottawa  counties :  Keele, 

556. 
Road  materials:  Reinecke,  849,  850. 
Soulanges   and    Vaudreull    counties : 

Plcher,  805. 
Two     Mountains     and     Argentenil 

counties:  Gauthler,  368. 
Serpentine  and  asbestos,  origin.  Black 

Lake-Thetford    area :     Graham. 

805. 
Thetford-Black     Lake    district     (Cole 

ralne  sheet)  :  Knox,  596. 
Stratigraphic. 

Buckingham  area:  Wilson,  1162. 
Grenville  district,  Argenteull  County : 

Wilson,  1153,  1154. 
Lake  St.  John  basin  :  Dresser,  298. 
Northern     Transcontinental     Railway, 

Hervey    Junctlon-Doucet :    Ban- 
croft, 87. 
Pleistocene,    Ottawa    area :    Johnston, 

534. 
Pontiac   and   Ottawa   counties :   Keele, 

556. 
Rnd'olarite  pebbles  :  Andr^e.  19. 
Thotford-Black     Lake    district     (Cole 

ralne  sheet)  :  Knox.  596, 
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QMtoo — Contlnoed. 
'     BQCkincham  mrea :  Wlloon,  1162. 

California,   Ban   LuU  Obispo   Oountj: 

Logan.  646. 
Tena:  PhilUpa,  803. 

Terlingna  dlitrict:  Udden,  1046. 

XadioaetlTtty. 

Canada,  mineral  vpringa :  Sattprljr  and 

Blworthjr,  801. 
Meteoriten:    QnlrlKe    and    Finkelatein. 

829. 

Radiolaiite  pebbles:  Andr^.  19. 
Badimm. 

General:  Heaa,  455;  Paraons.  785. 


Florida:  LiddeU,  637. 


General :  If  cLeod,  679. 
Beplacement  of  ralphides  bj  qnarti:  Wol- 
cott,  1164. 

BaptUla. 

Baroaanms:  Lull,  660. 

Brachyoeratops.  Two  Medicine  forma- 
tion, Montana:  Qllmore.  878. 

Camarasaumi :  Osbom  and  Mook,  771. 

CbeneosonruB,     Cretaceous,     Alberta : 
Lambe,  603. 

Dinosaur   tracks    in   Glen    Rose   lime- 
stone: Sbuler,  944. 

Dinosaurs,  "sacral  brain*':  Lull.  657. 

Diplodocus.    restoration :     Hutcbinson, 
506. 

GorgosauruH.       Cretaceous,       Alberta : 
Lambe,  601. 

LabidoKaurus,  Permian,  Texan :  Willis- 
ton,  1147. 

Monoclonius :  Brown,  125. 

Ogmodlnis.    Cretaceous,   Kansas:    Wil- 
liston.  1140. 

Omltbolestes :   Osborn,  769. 

Pareiasaurus,  Conemaugh  series,  West 
Virginia :  Case,  176. 

Phylogeny    and    clasRincation :  Willis- 
ton,  1148. 

Strutblomimus :  Osborn,  769. 

Tetrapoda,     skull     elements:  (Jregorv, 
404. 
Miller,  734. 

TyranuoKaurus :  Osborn,  709. 
Reitorationi. 

Brachy  corn  tops  :  Gilmore,  378. 

Diatryma.  Wyoming:  Matthew.  706. 

Diplodocus:   Hutchinson,  500. 

Labidosaurus  :  Wllliston.  1147. 

Monoclonius  :  Brown.  125. 

Plantae,  Tertiary :  Berry,  08. 

Sidneyla   incipectans :  Burling,   143. 

Struthiomlnius :  Osborn.  709. 

Triassic,      Connecticut      Valley:  Lull 
066. 
Rhode  Island. 
^tratigraphic. 

General;  £m«rson,  321, 


Blppla 

General:  Kindle,  680. 
''Giant    ripples.*'    formatkni: 
184. 

Richmond  group :  Foemte,  848. 
BlTsrs. 

Silting  of  Miaslsslppi   Blvcr:  . 
and  PeatUe,  80. 
Bond  natarlals. 

Ontario:  Relnecke,  860. 
Quebec:  Relnecke,  840,  850. 
Sonlanges  and   Vandrenll   cw 
Picker.  805. 
Rock  slides.     See  Landslides. 
Rooks,  stmetaral  faatnroa..  See  ai99 
marks. 
Breccias,  classlflcation :  Norton, 
Chert  in  Bnrllngton  limestone,  • 

Tarr,  1015. 
Current  riffles:  Bucher,  185. 
Deformation  of   unconsolidated 

Kindle,  581. 
Friction     and     limiting     atreng 

rocks:  King,  582. 
** Giant   rippleo,"    formation:   I 

184. 
Internal  friction  during  deform 

Adams  and  Bancroft;  5. 
Plasticity :  Adams  and  Bancroft, 
Veinlets  in  sedimentary  rocka,  c 

Taber,  1010. 
Wave  marks :  Bucher,  185. 
Rocks  described.     See  liet,  p.  J38. 
Rocky   Mountain   region,   middle  Pal 
stratigraphy:  Tomllnsoa, 
Rocky   Mountains,   age   of   peneplaini 

wood,  28. 
Rubidlnm. 

General :  Browning,  129. 
St.     Peter    sandstone,    origin :  Trowl 

1029. 
Salt. 

General :  8tone,  1002. 

Brines    of    oil    fields,    origin:  R 

842. 
Coastal  salt  domes:  Kennedy.  $6 
Alberta,  northern:  Camnell,  167. 
Mexico:  Zarate,  1186. 

Lower    California.    OJo    de    Li 
Wlttich,  1163. 
Michigan,     Detroit     district:  Sh< 

037. 
Unit«Mi   States:  Phalen,  801. 
Salt  domes,   origin :    Hopkins.   486 ;  S 
935. 

Salvador. 
Economic. 

San  Sebastian  mine :  Wuensch,  HI 
Dynamic  and  structural. 

Volcanic    activity,    recent :    Wuei 
1180. 
Stratigraphic. 

San  Sebastian  mine :  Wuensch,  13 
Sand,     tfer  nlso  (ilass  .sand :  Silica. 
General  :   Stone.    1004. 
Canada:  Cole,  216. 
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Sand — Continued. 

Foundry  molding  sands :  Cole,  219. 
Sand  dunes  of  Indiana  :  Bailey,  88. 

Sandstone. 

Canada :   Cole.   216. 
United  States :  Bowles,  102. 

Santo  Domingo. 

StratiQraphio. 

Qeneral :  Maury,  707. 

Pateontoioffy- 

General :  Maory,  707. 
Mollnsca,  Ollgocene :  Pilsbry  and  John- 
son, 806. 

Saakatohewaa.  * 
Oeneral, 

Black  Bay  and  Beaverlodge  Lake  areas  : 
Aleock,  0. 

Economic. 

Coal :  Dowllng,  297. 

Building  and  ornamental  stones :  Parks, 

788. 
Southeastern  Saskatchewan :  MacLean, 
675. 

Btratiffraphic. 

Black  Bay  and  Beaverlodge  Lake  areas : 

Alcock,  9. 
Southeastern  Saskatchewan :  MacLean, 

675. 

Batsop  formation.  Oregon  and  Washington : 
Brets,  115. 

Sedimentary  rocks. 

Sandstone:  Vail,  1058. 

Sedimentation.      See    also    Conglomerates: 

Erosion. 
Bonneville  Lake  beds,   origin:   Keyes, 

575. 
California:  Gilbert.  376. 
Chemistry :  Clarke  and  Wheeler,  207. 
Deformation    of   unconsolidated    beds: 

Kindle.  581. 
Graptollte    shales,    shallow    water   de- 
posits:  Grabau   and   O'Connell, 

394. 
Balton     Sea,    California :     Macdougal, 

669. 
SUflng   of  Mississippi   River:   Atwood 

and  Peattie,  80. 

Seismology.     See  also   Earthquakes. 

General:  Klotz,  587. 

Collection  of  earthquake  data  :  Hum- 
phreys, 505. 

Damping  contrivance  for  seismographs : 
I>emos.  632. 

Harvard  seismographlc  report,  1915 : 
Wood  worth,  1172. 

Locating  submarine  faults :  Klots,  588. 

Seismometric  bookkeeping  :  Wood.  1169. 

Telocity  of  L  waves :  Klotx,  586. 

Selenium. 

General:  Hess,  456. 


Vermont :  Jacobs,  513  ;  Wiggles  worth, 
1141. 

Shore  Unca.    Bee  Beaches ;  Temcea. 


SUioa. 

General:   Kati,    545. 
Deposition :  Llndgren,  641. 
Illinois,  southern :  Holbrook,  474. 
Silurian. 
General. 
Comparison   of  Buropean  and   Ameri- 
can :  Grabau,  391. 
Ostracoda   as   guide   fossils   in    Appa- 
lachian region:  Ulrlch,  1052. 
Stratigraphy. 
'  Alexandrian   series,   Illinois   and   Mis- 
souri :  Savage,  892. 
California :  Smith,  962. 
Iowa,   Jones   County,   Cyathophyllum : 

Thomas,  1021. 
Kentucky,  Irvine  field :  Shaw,  932. 
Massachusetts :  Emerson,  321. 
Michigan,    Detroit    district:    Sherser, 

937. 
Montana,    (iarrlson-Philipsburg   fields : 

Pardee,   780. 
New  Mexico,  Deming  quadrangle :  Dar- 
ton,  257. 
southern :  Darton,  258. 
Ohio:  Foerste,  350. 

Ontario.    Lake    Tlmlskamlng:    Hume, 
603. 
southwestern :  Williams,  1145. 
Pennsylvania,  Lehigh  County:  Miller, 

728. 
Rocky    Mountain    region :    Tomlinson, 

1027. 
Tennessee,      Waynesboro     quadrangle: 
Miser,  738. 
Paleontology. 

Alexandrian   series,    Illinois   and   Mis- 
souri :  Savage,  892. 
Maine,  Nuculites:  Williams,  1148b 
Ohio:   Foerste,   350. 
BUvor. 

General :  Llndgren,  640. 

Enrichment    of    ore    deposits:    Em- 
mons,  324. 
Microscopic    study    of    silver    ores: 
Guild,  409. 
Alaska :  Brooks,  124. 

Seward  Peninsula  :  Mertie,  722. 
Arlsona :  Heikes,  446. 

Patagonia  district :  Schrader,  908. 
Santa  RiU  district:   Schrader.  008. 
British  Columbia.  Slocan  district:  Vg- 
low.   1051. 
Vancouver    and     adjacent    Islands: 
Brewer.  117. 
California :  Yale.  1183. 
Colorado.    Bonania    district:    Patton, 
787. 
Central  City  quadrangle :  Bastia  and 

Rill.  53. 
Gold   Brick  district:   Crawford   and 
Worcester.  238. 
Eastern  States :  Hill.  46S. 
Idaho.  Mackay  region:  Tmpleby.  1054. 
Mexico.  I^lebla :   llontgmann,  480. 
Montana  :  lleikes.  447. 
Nevada,  Wonder:  Burgeaa,  140, 
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■avw— ContlniMd. 

New  Mexico:  HendmMi,  440. 
North  Amtriea:  Undgren,  840. 
Ontario,  Cotelt :  Baetln.  61. 

Onaplng  area:  Colllna,  224. 
Oregon :  Tale,  1188. 
Sooth  Dakota :  Hendereon,  460. 
Texas:   Henderson,  449. 
United  States,  1916 :  MeCaskigr,  880. 
Wyoming :  Henderson,  460. 

nate. 

OeDeral :  Looghlln,  86a 
Slides.    See  Landslldca. 
Beapstoae. 

General:  DUler,  288. 


Illinois,    Dn   Page   County;   Hopkins, 
482. 

Edgar  County :  HopUns,  481. 

Kane  County:  Hopkins,  488. 
Ontario,  Ottawa  area:  Johnston,  684. 
Quebec,  Ottawa  area :  Johnston,  684. 

South  Oarollna. 
Eoonomie, 
Tin,  Kings  Mountain   district:   Keith 
'     and  Sterrett  668. 
Stratiomphie. 

Kings   Mountain   district:    Keith    and 
Sterrett  668. 
South  Dakota. 
Oeueral. 
Black      Hills      region,      bibliography: 

OHarra.    783. 
State  surrey,  work  of :  Ward,  1080. 
Economic. 

Clay  derived  from  volcanic  dust,  Pierre 

formation  :  Wherry,  1121. 
Lithium  minerals :  Schaller,  902. 
Mineral  production,  1916 :  Henderson, 

450. 
Tin  :  Bland.  85. 
Tunj^stcn :  Bland,  85. 
Paleontology. 

Brachyura,  Cretaceous :  Rathbun,  831. 
Pctroloffjf. 

Clay  derived  from  volcanic  dust,  Pierre 
formation :  Wherry,  1121. 
Mineralogy. 

Calcite.    lamellar.    Keystone :    Wherry, 

1127. 
Rutilo.  black,  and  struoverite,  identity : 
IToRdden,  443. 
Stone. 

British  Columbia  :  Paries,  782. 
Stratigraphic    ( general ).      For  regional  ner. 
names  of  States.     See  also   the 
different  systems. 
General. 

Bryozoa.  iiso  in  strntipraphy  :  Bassler, 

49. 
Grapt<)llt<'    shales,    shnllow    wator    de- 
posits :    rjrabau    and    O'Connell. 
394. 
St.     Peter     sandstone,     origin:    Trow- 
bridge, 1029, 


OdrrateMoM. 
Garbontferons.  eaatara  mad  wsstsfs  hr 

terkw  cImI  fields :  Keyes,  611 
Oanlso  Creak  eonl-reef  fauna,  ilgBtt- 

canca :  Yani^haii,  1006. 
Cretaceous     fbnmtloiis,     correlatiMi; 

Hayes,  4S4. 
Deronlan   shales,   Ohio   and  Pean«yl> 

¥anla :  Terwleba*  108T. 
Helderberg    Umestona,    Pennsylfsslt: 

Reeslda,  841. 
Vartlnes  fonnatioD :  Waring,  1088. 
IfisslsslppUn,  Ohio  and  PennsylvaBii: 

Verwiebe,  1088.    ' 
Montana  group:  Thorn,  1080. 
Oklahoma,  Pennaylvanla :  Bloesch,  Ml 
OrdoTldan:  Raymond,  888. 

Canada :  Mather,  891. 
Pre-Gambrian :  Keyes,  687 ;  Lane.  6IL 
Bocky   Monntaln    rcgloa:    Temllnws, 

1087. 
Tertlary-CretaceoQa,  soathem  Gillfir 

nla :  Waring,  1088. 
Western    phosphate    field:    MamMi 

886. 
Wyoming :  Tmmbnll,  10C5. 
TaMcs  of  fermaHane, 
Alabama,  Hatchetlgbee  anticline:  Sep 

kins,  488. 
Alberta,  southern :  Itowling,  298. 
Arkansas,  Caddo  Gap  and  De  Qsecs 

quadrangles :  Mlaer,  787. 
British    Columbia,    Kootenay    rcgioB: 

Drysdale,  808. 
Telkwa     River     district :     DolmafF. 

292. 
Vancouver  Island,  Sooke  and  Duncu 

areas:  Clapp,  193. 
California:  Smith,  962. 
Florida :  Mansfield,  685. 
Georgia,  Coastal  Plain :  Shearer,  M& 
Iowa :  Keyes,  565. 
Kansas:  Keyes,  564. 
Kentucky:  Miller,  727. 
Labrador,  northeastern :  Coleman,  219. 
Louisiana :  Matson,  695. 
Maine,  southwestern:  Kats,  546. 
Maryland.       Tolchester       quadrsnsto: 

Miller  et  al..  780. 
Massachusetts:  Emerson,  321. 
Michigan  :  Smith,  967. 
Missouri :  Keyes,  562. 
Montana,    Blackfeet    Indian    Reserrt 

tlon  :  Steblngcr,  984. 
Bowdoin  dome:  Collier,  223. 
Bull    Mountain    coal    field:    Wooli^.r 

et  a1.»   1173. 
Navajo  country.     Gregory,  402. 
Now    Hampshire,    southeastern :   Kats, 

540. 
Now  Mexico  :  Keyes,  563. 
North  Dakota  :  Leonard,  633. 
Ohio.  Cleveland  gas  field  :  Rogerfl,  87B. 

southern :   Stout   1008. 
Ontario,  Efipanola  district :  Quirke,  8S7> 
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Strati  vrapMo — Continued. 
Tables  of  formations — Con  tinned. 
Onaplng  area :  Collins,  224. 
OrdoTiclaa,  Canada :  Mather,  601. 
Pre-Cambrlan :  Keyes,  567 ;  Lane,  605. 
Quebec,     GrcnyiUe    district:     Wilson, 
1154. 
Thetford-Black  Lake  district    (Cole- 
raine  sheet)  :  Knox,  596. 
Tennessee  phosphate  region  :  Mansfield, 

685. 
Texas,  Palestine  salt  dome :  Hopkins, 

486. 
Wyoming,   Big   Horn   Basin:    Hewctt, 
461. 
Byron  field :  Ziegler,  1189. 
Oregon  Basin  field  :  Ziegler,  1190. 
Yukon,  Klotassln  area :  Calrnes,  154. 
Strontlam. 

General:  Hill,  466. 
Btmctnral    materials.      See    also    Building 
stone,  Clay,  etc. 
California,   Los   Angeles,   Orange,   and 
Riverside  counties :  Merrill,  716. 
Mexico:  Tello,  1019. 
Study  and  teaching.     See  Educational. 
Subsidence.     See  Changes  of  level. 
Subterranean     water.       See     Underground 

water. 
Sulphur. 

Louisiana,  Belle  Isle :  Lucas,  655. 
Maine,  central,  pyrrhotlte :  Bastin,  52. 
Texas,  Culberson  County  :  Phillips,  804. 

Rustler  Springs :  Porch,  811. 
United  States:  Pogue,  810. 
Surveys. 

General :  Clark,  203. 
Historical:  Clark,  203; 
Organization  and  cost :  White,  1131. 
California,  State  Mineralogist,  Report 

XIV:  Hamilton,  416. 
Canada,  report  for  1916 :  Mclnnes,  673. 
Connecticut,  report  of  Survey,  1915-16  : 

Gregory,  401. 
Illinois,       report       State       geologist, 
1911-13:   DeWolf,  275. 
1913-15:  DeWolf,  276. 
Indiana :  Blatchley,  87. 
Iowa,  report  of  State  geologist :  Kay, 

550. 
Maryland:  Clark,  203. 
Minnesota,   report    for    1914-15 :    Em- 
mons, 323. 
Missouri,   State  geologist,  biennial  re- 
port :  Buehler,  136. 
New   Jersey,   State   geologist's   report, 

1916 :  Kfimmel,  600. 
North    Carolina,    State   geologist's   re- 
port, 1915-16 :  Pratt,  817. 
Tennessee,    report    of    State   geologist, 

1916:  Purdue,  823. 
South  Dakota :  Ward.  1086. 
United  States:  Smith,  958. 
Vermont,      State     geologist's     report, 
1915-16:   Perkins^,   293. 
Tables.     Bee  Strati  graphic.  Tables  of  for- 
mations. 


lalo. 
.    General:  Dlller,  280. 
Vermont:  Jacobs,  518* 
Tantalum. 

General:  James,  510. 
Technique. 

Developing  crystallized  mineral  speci- 
mens :  Hawkins,  480. 
Dip  protractor:  Wentworth,  1111. 
Microscopic,      petrographic :      Wright, 

1175. 
Mlneragraphy :  Whitehead,  1184. 
Mineral  collection :   Duce,  304. 
Tellurium. 

General :  Hess,  456. 
Tennessee. 
Oenerai. 
Report  of  State  geologist,  1916:  Pur- 
due, 823. 
Economio. 

Coal,  Pikevllle  quadrangle :  Butts,  149. 
Gravels,  west  Tennessee  valley :  Wade, 

1074. 
Oil,  black  shales :  Ashley,  26. 
Oil  and  gas  possibilities.  Highland  Rim : 

Purdue,  825. 
Petroleum :  Fuller,  360. 
Glenmary,  Scott  County  :  Glenn,  370 ; 
Purdue,  824. 
Physiographic. 

Highland  Rim  :  Purdue,  825. 
Stratigraphio. 

Devonian  and  black  shale  succession, 
western      Tennessee :      Dunbar, 
306. 
Glenmary  oil  field  :  Purdue,  824. 
Highland  Rim  :  Purdue,  825. 
Holston    marble   formation,   east   Ten- 
nessee :  Gordon,  389. 
Ripley    formation,    McNairy    County: 

Wade.  1072. 
Scott  County.  Glenmary :  Glenn,  379. 
Tuscaloosa  formation :  Wade,  1078. 

delta  character  :  Berry,  67. 
Waynesboro  quadrangle :  Miser,  738. 
Paleontology, 

Busy  con  cretaceum  :  Wade,  1075. 
Gastropoda,  Cretaceous :  Wade,  1076. 

McNairy  County :  Wade,  1071. 
Ripley  fauna,  McNairy  County :  Wade, 

1072. 
Rensselaerlna,   Linden  shale :   Dunbar, 
807. 
Terraces.     See  also  Beaches;  Shore  lines. 
Bajada  belts :  Keyes,  569. 
Connecticut,  southeastern :  Hatch,  428. 
Vermont,      Green     Mountains :     Gold- 

thwait,  382. 
Washington,  Okanogan  Valley:  Keyes, 

566. 
Wisconsin,    Driftless    Area,    rock    ter- 
races :  Martin,  688. 

Tertiary. 

Stratigraphy. 

Alabama.  Hatchetlgbee  anticline:  Hop- 
kins, 488. 
Alaska,  Kantlshna  region :  Capps,  174» 
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ISO  BIBUOOBAPHY  OF  NOBTH  AMEBIOAN  GEOLOGY,  1011« 


TwUmtj — Contlnaed. 

8tra  tigraphif — Con  tinned. 

AxMiUchicoUt  fauna.  Lower  California: 

Arnold  and  Clark,  25. 
Arisona,  Navajo  country  :  Gregory,  402. 
Astoria    aeriea.    Mount   Diablo   region, 

CalifomU  :  Clarke,  204. 
British    Columbia,    Rossland    district: 
Bruce,  132. 
Telkwa  River  district :  Dolmage.  292. 
Vancouver   Island,   Sooke  and   Dun- 
can areas :  Clapp,  193. 
Ymir  area.  West  Kootenay  district: 
Drysdale,  302. 
California :  Smith,  962. 

Coalinga  region,  Etchegoin  Pliocene : 

Nomland,  70t. 
McKittrick  district:  Oester,  872. 
Martinea  formation:   Waring,   1088. 
Marysville  Buttes :  Dickerson,  282. 
Pliocene:   Nomland,   758. 
Santa    Biargarlta    beds:    Nomland, 
759. 
Coastal  region.  Gulf  of  Mexico:  Ken- 
nedy, 560. 
Florida,  Tallahassee  region:   Sellards, 

919. 
Georgia,  Coastal  Plain  :  Shearer,  936. 
Illinois,  southern :  Shaw,  934. 
Louisiana :  Matson,  695. 

De  Soto-Red  River  field :  Matson  and 
Hopkins,  696. 
Martinez  Eocene  time,  climatic  zones: 

Dickerson,  280. 
Maryland,       Tolchester       quadrangle : 

Miller  ct  al.,  730. 
Massachusetts :  Emerson,  321. 
Mexico,  Lower  California :  Helm,  448, 

Tuxpan :  Dickerson,  284. 
Mississippi,'  Meridian  :  Berry,  72. 
Montana,    Blackfeet    Indian    Reserva- 
tion :   Stcbinger.  984. 
Bull   Mountain   coal   field :   Woolsey 

et  al.,  1173. 
high  gra'-els,  age :  Collier,  222. 
Murfrecsboro,    stage    of    Miocene,    At- 
lantic   Coastal    Plain :    Olsson, 
764. 
Nevada,    Big   Smoky  Valley :   Meinzer, 

709. 
New  Mexico.  Dcmlng  quadrangle :  Dar- 
ton,  257. 
Navajo  country :  Gregory,  402. 
North   Carolina,   Orange  County,  Plio- 
cene:  Smith,  964. 
North  Dakota  :  Leonard,  633. 
Oklahoma,  north  central :  Bloesch,  89. 
Panama    straits,    ancient :    Dickerson, 

281. 
Santo  Domingo  :  Maury,  707. 
Texas,    Corsicana    field :    Matson    and 
riopkins,  G97. 
Palestine  salt  dome :   Hopkins,   486. 

Washington,  Cowlitz  River,  Ollgocene : 
Dickerson.  279. 
White   Bluffs   region ;    Merriam   and 
Puwftlda,  714, 


Tsrtiai7 — Contina«d. 

Btratigraphy — Continued. 

Wyoming,   Big    Horn    Basin:   Hewftti 
461. 
Powder    River     basin:     Wegemann, 
1109.        • 
Paleontology, 

Apalachicola  fauna.  Lower  California: 

Arnold  and  Clark,  25. 
Bryozoa,  cheilostome :  Cann  and  Ban- 

Icr.  172. 
California,  Martinea  formation:  Wa^ 
ing,  1088. 
Pliocene:  Nomland,  758. 

crab :  Rathbnn,  832. 
Santa    Blargarlta    beds:    Nomltad, 
759. 
Colorado,    Florissant,    beetles:    Wid- 
ham,  1188. 
Florissant,  Insecta:   Cockerell,  212, 
218. 
Dinosaur   tracks   in    Glen   Rose  llIo^ 

stone:  Shuler,  944. 
Jamaica,   Bowden   fauna,   Pelecypoda: 

Woodring,  1170. 
Louisiana,  £k>cene,  Goniopteris :  Berrj, 

78. 
Marine  faunas,  Atlantic  Coastal  Plain, 

environment :  Gardner,  866. 
Martinez    fauna,    California:    Warins, 

1088. 
Mexico,   northeastern:    Dickerson  and 
Kew,  288. 
Tuxpan  :  Dickerson,  284. 
Mississippi,        Eocene,        Goniopteris: 
Berry,  73. 
Meridian  :  B«  rry,  72. 
Murfreesboro,  stage  of  Miocene,  Atlan- 
tic Coastal   Plain  :  Olsson.  764. 
Nebraska,   Meteoreodon :   Barbour  and 
Cook,  42. 
Poebrotherium,    Ollgocene :    Troxell, 
1034. 
Orthophragmina,  Georgia  and  Florida: 

Cushman,  247. 
Pliocene      faunas,       western      United 

States :  Merriam,  713. 
Santo  Domingo :  Maury,  707. 

Ollgocene,     Mollusca :     Pilsbry    and 
Johnson,  806. 
Virginia,  Istiophorus,  Miocene:  Berry, 

71. 
Washington,  Cowlitz  River,  Oligocrne: 
Dickerson,  279. 

Texas. 

Economic. 

Brcnham    salt  dome,   Washington  and 

Austin   counties  :   Hopkln*.  4^7. 
Clay,  dolomltlc :  Rics.  863. 
Granltos  :  Nash,  747. 
Humble     oil     field.     Harris     County: 

DeuRsen.  274. 
Mineral   production,  1916:   Henderson. 

449. 
Natural    gas,   Corsicana    field :   Mauoa 

and  Hopkins.  697. 
Ozokerite,  Thrall  oil  field  :  Schoch,  907. 
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Texas — ConUnued. 
Economic — ContinaeA, 

Palestine       salt       dome,        Anderson 

County :  Hopkins,  486. 
Petroleum :  Gardner,  364. 

Corsicana   field :    Matson   and    Hop- 
kins. 697. 
Humble  field :  Deussen,  274. 
Thrall  field :  Udden  and  Bybee,  1050. 
Petroliferous    mounds,    ori^n :    Chau- 

tard,  191. 
Quicksllyer:  Phillips,  803. 

Terllngua  district:   Udden,   1046. 
Sulphur:  Pogue,  810. 

Culberson  County :  Phillips,  804. 
Rustler  Spring :  Porch,  811. 
Physiographic, 

Coastal  region :  Kennedy,  560. 
Stratioraphic. 

Brenham  salt  dome,  Washington  and 
Austin  counties :   Hopkins,  487. 
Coastal  region :  Kennedy,  560. 
Corsicana  oil  field :  Matson  and  Hop- 
kins, 697. 
Culberson  County:  Phillips,  804. 
Glen  Rose  limestone :  Shuler,  944. 
Humble  oil  field,  Harris  County :  Deus- 
sen, 274. 
Palestine  salt  dome,  Anderson  County : 

Hopkins.  466. 
Permian :  Wrather,  1174. 
Rustler  Springs  region :  Porch,  811. 
Terllngua  district:  Udden,  1046. 
Thrall    oil    field :    Udden    and    Bybee, 
1050. 
Paleontology, 

Equus    Bcotti,    Rock    Creek :    Troxell, 

1082. 
Labidosaurus,  Permian,  Texas :  Willis- 
ton,  1147. 
Poikilosakos,      Carboniferous,      Young 

County:  Watson,  1102. 
Richthofenia :  B5se,  91. 
Vertebrata:  Hay,  432. 
Mineralogy, 

Barite  from  oil  wells :  Moore,  743. 
Meteorites,  Plainrlew:  Merrill,  718. 
Textbooks. 

Building   stones   and    clays:    Richard- 
son, 864. 
Chemical  tests  for  minerals :  Burdick, 

139. 
Deseriptiye  mineralogy:  Bayley,  58. 
Laboratory  guide :  Smith. 
Mineralogy :  Moses  and  Parsons,  744 ; 

Spencer,  977. 
Minerals,  useful :  McLeod,  679. 
Thalliiim. 

General :  Browning,   130, 
Thorium. 

General :  Schaller,  908. 
Tin. 

General:  Hess,  455. 

Alaska,  Seward  Peninsula :  Mertie,  722. 

California,  Temescal,  Riyerside  County : 

Merrill,  716. 
Mflodoo:  Anon,  1194. 


Tin — Continued. 

North  Carolina.  Kings  Mountain  dis- 
trict :  Keith  and  Sterrett,  558. 

South  Carolina,  Gaffney :  Keith  and 
Sterrett,  558. 

South  Dakota:  Bland,  85. 

Titanium. 

General:  Hess,  455;  Watson,  1106. 

Toloyana  district,  Alaska:  Mertie,  720. 

Tongue,  new  stratlgraphlc  term:  Stephen- 
son, 989. 
Trlassio. 

Stratigraphy. 

Arizona,  Nayajo  country :  Gregory,  402. 
British    Columbia,    Rossland    district: 
Bruce,  182. 
Ymir  area,  West  Kootenay  district: 
Drysdale,  302. 
California :  Smith,  962. 
Colorado,  northern  :  Ziegler,  1187. 
Massachusetts :  Emerson,  821. 
Pennsylyania,  eastern  :  Jonas,  537. 

Lehigh  county  :  Miller.  728. 
New  Mexico,  Demlng  quadrangle :  Dar- 
ton,  257. 
Nayajo  country:  Gregory,  402. 
Red  beds :  Case,  177. 

age  and  origin,  southeastern  Wyom- 
ing: Knight.  589. 
Virginia,  Virgllina  district ;  Laney,  608. 
Paleontology. 

Connecticut  Valley  :  Lull,  656. 
Pennsylyania,  Qucks  County,  labyrlnth- 

odont:  Sinclair,  949. 
Wyoming,    Big    Horn    Basin:  Hewett, 
461. 

Trlloblta. 

Bibliography,  Paleosoic:  Vogdes,  1070. 
Classification :  Raymond,  835. 
Lower  Cambrian  :  Burling,  143. 
Mount  Whyte  fauna  :  Walcott,  1080. 

Trinidad. 
Economic. 

Asphalt :  Richardson,  857. 
Paleontology. 

Orbitoldes :  DouyilU,  296. 

Tungsten. 

General :  Hess.  456,  457  ;  Palache,  776. 
Alaska,     Fairbanks     district:     Mertie, 
721. 
Seward  Peninsula :  Mertie,  722. 
California,  Inyo  County :  Knopf,  592. 
Colorado,    Central    City    quadrangle: 

Bastin  and  Hill,  58. 
Idaho,  Mackay  region :  Umpleby,  1054. 
New  Brunswick :  Camsell,  169. 

Burnt  Hill :  Caimes,  155. 
Noya   Scotia :  Camsell,   169. 
South  Dakota :  Bland,  85. 
Washington,     Okanogan     County  : 

Handy,  418. 
Yukon,  Dublin  Gulch :  Caimes,  154. 

Tuscaloosa  formation :  Wade.   1073 ;   delta 
character :  Berry,  67. 

Turtles.     Bee  Reptilla, 
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Colorado,  noithoni,  f oothllli  itraetmo : 

Zleyter,  1168. 
DtTonian,    Ontario,    gUocooitle:    An- 

drtfe,  10. 
Pralrto  do  Chten-St  Peter  nnconform- 

Itj :  Trowbridge,  1030. 
Bocky    Moimtaiii    region:    Tomlinion, 

1027. 
Underground  Tolatile  agents,  genetffe  dasel- 

llcatlon:  Balj.  262. 
VMergroaad    water    (general).      See    alto 

OoTters ;     Mineral     waters  ; 

Springs;  Thermal  waters.     For 

regional  §ee  namee  of  States, 
General:  Imbeaox,  607. 
Brines    of   oil    fields,    origin :  Reeves, 

842. 
Diffusion  of  sodium  chloride  in  Appa> 

lachian   oU-fleld   waters:    Rich- 
ardson, 869. 
Braporatlon  of  water  at  depth  bj  nat- 

oral    gases:    Mills    and    Wells, 

786. 
Undergroond    TolatUe    agonts:    Daly, 

262. 

Vraalnm. 

General :  Hess,  466. 

Colorado,    Central    City    quadrangle: 
Bastln  and  Hill,  53. 
Ungulata.    See  Mammalia. 
Upper  Silurian.     Bee  Silurian. 

Vtah. 

Economic, 

Copper,  Ophir  district :  LoxiRhlln.  651. 

Deep     Creek     dlRtrict :     Custer,     248 : 
Reagan,  830. 

Horn     Silver    vein,     Beaver     Couuty : 
RohlflDg,  878. 

Miller  Hill,  American  Fork  mining  dis- 
trict :  Ryan,  885. 

Oil    shale,    Green     River    formation : 
Winchester,  1158. 

Ophir  district :  Loughlin,  651. 

Zinc,  Ophir  district :  Loughlin,  651. 

Dynamic  and  atructural, 

Bonneville  Lake  beds,  origin :   Keyes, 
575. 

Physiographic. 

Lake    Bonneville,    orographic    origin : 

Koyes,  573. 
Stratigraphic. 

American  Fork  mining  district :  Ryan. 

885. 
Deep  Creek  Rosorvation:  Reagan,  838, 

839. 
Little  Cottonwood  district :  Wt»ll8  and 

Butler.   1110. 
Navajo  country  :  rirogory,  402. 
Rocky     Mountain     rejjion,     Paleozoic  • 

Tomllnson,  1027. 
San  FranclKco  Uanj^e,  Beaver  County  : 

Rohlfing,  878. 
Mineralogy. 

Aurichalcite,  Big  Cottonwood  Canyon : 

Ledouz,  622. 
CUyton  Peak:  Field,  842. 


Vtak — Continnad. 
Jflneraloiry— Contl&Qed. 
CrandaUite,  Tlntle  district:  LoogUh 

and  BchaUer,  662. 
nsemannite,  Onraj :  Bcfaaller,  900. 
Magnesiolodwigite,     Big     Cottonwood 
Canyon:    Butler    and   SebaDer, 
148. 
Ophir  district :  Looghlin,  661. 
Tnngstenite,   Little   Cottonwood  Cu- 
yon :    Kuhre,    699 ;   Wells  uA 
Bntler,  1110. 
Vanadiam. 

General :  Hess,  466. 
Veinlets  in  sedimentary  rocks,  origin:  Ti- 
ber, 1010. 
Veins. 

Origin  of  chrysotUe  Tetna :  Saber,  1011 
Yard  aatiqne. 

Vermont:  Jacobs,  618. 
Vormont. 
General. 
State  geologist's  report,  1916-16:  Fv- 
klns,  798. 
Economic 

Copper :  Jacobs,  612. 
Mineral  resources :  Perkins,  796. 
Serpentine :  Wlgglesworth,  1141. 
Talc  and  verd  antique  deposits :  Jacoba 
613. 
Dynamic  and  etructurak 

Pleistocene  deformation  near  Rutland: 
Keith,  667. 
Phyeiographio, 

Glaciatlon,    Green    Mountains:    Gold- 

thwait,  382. 
Greensboro,  Hardwick,  and  Woodbury: 

Jones,  G38. 
Postglacial  marine  waters:  Falrcbild, 
327. 
Stratigraphio. 

Calais,   £^st  Montpelier,   and  BerUn: 

Richardson,  8.'>3. 
Glaciatlon,    Green    Mountains:    Oold- 
thwait,  382. 
Greenboro,    Hardwick,     and    Wood- 
bury :  Jones,  638. 
Western  Vermont:  Perkins,  794. 
Palcotifoloi7t/. 

Calais,   East  Montpelier,  and  Berlin: 

Richardson,  853. 

Vertebrata   (general).     See  also  Amphibli; 

Aycs  ;  Mammalia  ;  Pisces ;  Rep- 

tilia. 

Plorldn,  Vero,  Pleistocene :   Hay,  435. 

486 :  Sellards,  921. 
Kansas,  Equus  beds :  Hay,  434. 
Pleistocene :  Hay,  433. 
Texas :  Hay,  432. 
Virginia. 
Economic. 

Clay,    Piedmont    province:    Bies  and 

Soinors,  865. 
Virgllina  district :  Laney,  608. 
Zircon -bearing     pegmatites :     Watson, 
1104. 
Dynamic  and  structural, 
Allanlte,  weathering  of :  Watson,  1106i 
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Tlrgliiia — Contlntied. 
Strctiifraphic. 

Qeoiogic  map :  Watson,  1108. 
Greensand  deposita :  Ashley,  27. 
Mnrtreesboro  stage  of  east  coast  Mio- 
cene: Olsaon,  764. 
Tlrgillna  district:  Laney,  G08. 
PtUeontoloffy. 

Istlophorus      calvertensis,      Miocene : 

Berry,  71. 
Vertebrata,    Saltvllle    Valley,     Smyth 
County :  Peterson,  798. 
Petrologif. 

Tlrgillna  district:  Laney,  608. 
Zlroon-bearlng     pegmatites :     Watson, 
1104. 
Mineraloffy. 

Allanlte:  Watson,  1105. 
Amelia   County,   pegmatites:   Watson, 
1104. 
▼oloanio  ash. 

Nebraska:  Barbonr,  40. 
Volcanic  rocks.     See  Igneous  and  Tolcanlc 

rocks. 
Volcaaism. 

Volcanic      mechanism :      Washington, 
1101. 
Volcanoes. 

EUiwallan  Islands,  arrangement:  Pow- 
ers, 814. 
KUauea,  Hawaii :  Jaggar,  616. 
aa  laya :  Jaggar,  616. 
cyclical      variation      In      eruption : 

Wood,  1167. 
relief  model:  Sayles,  897. 
Manna  Loa:  Day,  267. 

eruption,  1916:  Wood,  1168. 
lava  flow,  1916:  Jaggar,  514. 
Mount  Hood,  Oregon:  Jlllson,  624. 
Mount  St   Helens,   Washington:   Jill- 
son,  624,  525. 
Salvador:  Wnensch,  1180. 
Volcanoes  (extinct). 

Washington,  Cascades :  Qeballe,  869. 
Washington. 
General, 

Cascades:  Qeballe,  869. 
JBeonomio. 

Coal,  Olympic  fields:  Reagan,  887. 
Iron:  Whittier,  1187. 
Mineral   deposits,   northern   Okanogan 
County:    Handy,    418,    Okano- 
gan County,  northern:  Handy, 
418. 
Dynamic  and  atrttctural. 

Mount  St.  Helens,  eruptions:  Jlllson, 
524,  525. 
Physioffraphio, 

Grand  Coulee:  Oestreich,  762a. 

High  level  terraces,  Okanogan  Valley: 

Keyes,  666. 
Skykomlsh  Basin:  Smith,  969. 
Siratiffraphie. 

Okanogan   County,  northern:    Handy, 

418. 
Ollgocene,    CowUts   River:    Dickerson, 

279. 
Batsop  formation:  Bretx,  115. 


Washington — Continued. 
StratiffrapMo — Continued. 

White    Bluffs    region:    Merrfam    and 
Buwalda,  714. 
Paleontoloffy* 

Ollgocene,   Cowliti   River:  Dickerson, 
279. 
Water,    underground.      Bee    TTndergronnd 

water. 
Weathering. 

Algal  erosion :  Andr4e,  19. 
Allanlte:  Watson,  1105. 
Well  records.    See  Borings. 
West  Indies  (general).    See  dUo  names  of 
ielande. 
Stratigraphic. 

(General:  Dickerson,  281. 
West  Virginia. 
Boonsmio. 

Appalachian  geosyncllne,  deep-sand  oil 
and    gas    possibilities:    Reger, 
844. 
Braxton  and  day  counties:  Hennen, 

451. 
Oil,  black  shales :  Ashley,  26. 
Petroleum:  Fuller,  360. 
Phyeioffraphie, 

Braxton  and  Clay  counties:   Hennen, 
451. 
Stratigraphio. 

Braxton  and  CUiy  counties:  Hennen, 

461;  Price,  820. 
Ufflngton  shale:  Price,  821,  822. 
Paleontoloffv. 

Braiton  and  Clay  counties :  Price,  820. 
Parelasaurus,  Conemaugh  series :  Case, 
176. 
Wind  work. 

General:  Keyes,  670. 

Epicene  profiles  In  desert  lands :  Keyes, 

672. 
Navajo  country:  Gregory,  402. 
Terracing  of  bajada  belts :  Keyes,  669. 
Wlsoonsin. 
General, 

Measuring  of  postglacial  time  through 
sedimentation  in  lakes:  Hotch- 
kiss,  495. 
Economic. 

Zinc:  George,  870. 
Phyeioffraphie, 
Devils  Lake:  Trowbridge,  1081. 
Rock  terraces  in  Driftless  Area:  Mar- 
tin, 688. 
Btratigraphio. 

Devils  Lake  region :  Trowbridge,  1081. 
Mineralogy, 

Meteorite,  Colby,  Clark  County :  Ward, 

1087. 

Wyoming. 

General, 

Black     Hills     region,     bibliography: 

O'Harra,  768. 

^oonomio. 

Bentonlte,    origin.    Big    Horn    Basin: 

Hewett,  459. 

Big  Horn  Basin,  antlcUnes:   Hewett 

461. 
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WlfMdag^-Coiitlnaed. 

Mineral  prodnction,  1016:  Hondenon, 

450. 
Natural    gai,    Byron    lleM,    Bighorn 

Gonnty:  Zlegler,  1180. 
Natoral  gat,  Oregon  Basin  field,  Park 

Goonty:  Zlegler^  1100. 
.Fetroleom:  Trnmboll,  1085. 

Byron  field.  Bighorn  Countj :  Zlegler, 

1180. 
Oregon   Baaln   field*.   Park   County: 
Zlegler,  1100. 
Difnamie  and  §trueturaL 

Big  Horn   Baaln,  anticlines:   Hewett, 

461. 
Bull  Lake  Creek  rock  slide.  Wind  Elver 
Mountains:  Branson,  112. 
BtraUgraphU), 

General:  Tnimtmll,  1085. 

Amsden  formation:  Branson  and  Gre- 

ger,  114. 
Big  Horn  Basin,  anticlines:   Hewett, 

461. 
Bjrron  field,  Bighorn  Connty:  Zlegler, 

1180. 
Cretaceons     f ormatlona,     correlation : 

Hares,  424. 
Frontier  formation,  southwestern  Wyo- 
ming: Knowlton,  505. 
Oregon    Basin    field.    Park    County: 

Ziegler,    1100. 
Powder  River  basin :  Wegemann,  1100. 
Bed  Beds,  age  and  origin,  southeastern 

Wyoming:  Knight,  580. 
Rocky    Mountain    region.     Paleozoic: 
Tomlinson,  1027. 
PaUontology. 

Diatryma,    Bighorn    Basin :    Matthew 

and  Granger,  706. 
Frontier   formation,    flora:   Knowlton, 

505. 
Gastroliths,    Cleverly   formation,    Big- 
horn Basin :  Hares,  428. 
Underffround   water. 

Lodgepole  Valley :  MeinsiT,  710. 
Yellowstone  Kational  Park. 
Dvnamio  and  structural. 

Geysers  :   Cbaix,  185a.  .  >^ 

PhyHographic.  "''''* 

General :  Martonno,  688a. 
Mineralogy. 

Caldte    in    slllcifled    wood :    Wherry, 
1118. 


Ttteii 


General:  Bchallar,  008. 

Tnkoa. 

General. 
Muck  beds,  frosen,  Klondike  district: 
Tyrrell,  1040. 

JVeoaomle. 

Gold,    Scroggie,   Barker,   Thistle,  and 
Klrkman  creeks :  Calmes,  151 
Slotassln  area:  Calmes,  154. 
Tungsten,  Dublin  Qulch :  Cslrnes,  151 
Windy  Arm  district:  Calrnes,'l54. 

Stratigraphie. 

Klotassin  area:  Calmea,  154. 
Scroggie,   Barker,   Thistle,   and  Klrk- 
man creeks:  Calmes,  158. 

Pateontology. 

Squus,  Plelitocene:  Hay,  488. 

Sine. 

General :  Mason,  740 ;  BJebeathal,  047. 
Characteristics    of    stnc    d^oiiti: 

Nason,  748. 
Enrichment    of    ore    deposits:  >■■ 
mons,  824. 
Alasks,    Seward    Pentaumla:    Mertk; 
722. 

Arlsona:  Helkes,  446. 

Pstagonia  district:   Bclirader,  908. 

SanU  Rita  district :  Schrader,  90B. 
California :  Tale,  1188. 
Eastern  States:  Hill,  405. 
Idaho,   Coeur  d'Alene,    Success  mise: 
Umpleby,  1056. 

MIsflouri,  Osark  region :  Buehler,  137. 
Montana :   Helkes,  447. 

Dunkleberg  district :  Pardee,  78L 

New  Mexico :  Henderson,  440. 
New    Tork.    Edwards    district:    Nev- 
land,  758. 

Oklahoma,  Miami  district :  Perry,  79& 

Oregon:  Tale,  1188. 

Texas :  Henderson,  440. 

United  States:  Siebenthal,  045,  94«. 

Utah,  Ophlr  district:  Loughlln,  601. 

Wisconsin:  George,  370. 

Zircon. 

General:  Schaller,  005. 
Virginia:  Watson,  1104. 

Zonal   growth    in    hematite:    Sosman  tod 
Hostetter,  074. 
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(The  ntunbers  refer  to  entries  In  the  blbUographj.) 


OHSXZOAL  ANALTBEB.! 


ATblte,  1104. 
Alkali  syenite,  53. 
Allanlte.  1104,  1105. 
Amblygonite,  902. 
Amethyst,  1107. 
Amphibollte.  103,  787. 
Andesite,  80. 
AnlEerite,  238,  430. 
Apatite.  1104. 
Aphroslderite,  618. 
Aplite,  80,  224. 
Apoandesite,  321. 
Aporhyolite,  321. 
Argentite,  820. 
Arsenopyrite,  320. 
Artesian  water,  152. 

Aagrlte,  1098. 

Aagite  andeslte,  80,  787. 

Aurichalclte,  622. 

Basalt,  251. 

Beryl.  1104. 

Biotite  latite.  53. 

Bostonlte,  53. ' 

Brelthaaptite,  320. 

Brine,  937.  ^ 

Calcite,  354)  439. 

Camptonite,  321. 

Cardlnalose,  53. 

Caribose,  53. 

Chalcedony,  1129. 

Chalcocite,  320. 

Chalmerslte,  530. 

Chert.  1015. 

Chloanthlte.  320. 

Chromic  iron  ore,  287. 

Chromite,  287. 

Clay,  193,  865,  1008,  1121. 

Coal.  104,  152,  164,  398,  439,  471,  473,  681, 
1008. 

Cobaltite,  320. 

Columblte,  1104. 

Corundum,  180. 

Crandallite,  652. 

Crestmoreite,  313. 

Cumberlandite,  321. 


Daclte,  80. 

Delondose.  53. 

Diabase.  224,  251,  321. 

Diabase  pitcbstone,  321. 

blorite,  80,  321,  966. 

Baklelte,  616. 

Eldorose,  53. 

Erythrite,  320. 

Enzenite,  732. 

Feldspar,  313. 

Forsterite.  37. 

Gabbro,  53,  80.  119,  251,  821. 

Gabbro-diorite.  821. 

Galena,  320. 

Gehlenite,  205. 

Glaucodot,  320. 

Glauconite,  27. 

Gneiss,  133.  193,  321. 

Gouge,  618. 

Granite,  321. 

Granodlorite,  132,  193,  318,  821. 

Granular  red  rock,  251. 

Greensand.  27. 

Grifflthlte.  618. 

Halloysite.  619.  1069. 

HelTite,  1104. 

Hematite.  874. 

Hessose,  321. 

Holyokelte.   321. 

Hornblende  andeslte.  80. 

Hornblendelte,  58. 

Hydromagnesite,  1158. 

Ilsemannlte.  900. 

Invertebrates.  207. 

Iron  ore,  439.  784,  868.  1008.  1187. 

Iron  ore,  manganlferous,  419. 

Kaolin.  1154. 

Keratophyre,  321. 

Latite,  80,  787. 

Laurvikose,  58. 

Lepidolite,  902. 

Leverrierite,  620. 

Limestone,  193,  318,  503,  932,  967.  1008. 

Ldllinglte,  320. 

Lydite,  821. 


iTbe  analyses  in  entry  no.  1100  of  the  bibliography  haye  not  been  Included  in  this 
list. 
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Itornlte.  40S,  Gl)6. 
Breltbauptlte,  :I30, 
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Brocitt,  313. 
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Cnlclte.  313.  3S4.  GST.  608, 
Caloptrlte,  356. 
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fhalci^onr,  1120. 
Chakodte.  3:!0.  400,  008L 
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Chlorite,  008. 
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Crandallite,  662. 
Cr«stmoreite,  313,  SSOL 
Caprlte,  608. 
Cnprotungstlte,  467. 
Dfasporite,  1128. 
Dtopslde,  818. 
Dloptase,  477. 
Dolomite,  477. 
Durdenite,  614. 
Dyscrasite,  409. 
Bakleite,  616. 
Ectropite,  866. 
Bmbolite,  140. 
Bpiboulangerlte,  027. 
Bpldote,  SIS,  608. 
Brytbrtte,  820. 
Enzenlte,  782. 
Eranslte,  872. 
Famatlnite,  028. 
Feldspar,  818. 
Ferberlte,  467. 
FerritungBtlte,  467. 
Flokltr?,  866. 
FraDklinite,  802. 
Galena,   820,  400,  46& 
Garnet,   818,  684. 
GehlenUe,  206. 
Gllplnlte,  617. 
Glancodot,  820. 
Gold.  468. 
Gojaslte,  898. 
Graphite,  818. 
Greenockite,  872. 
Greenstone   (Virglllna),  608. 
Grlfflthite,  618. 
Halloysite,  619.  872,  1069. 
Hamllnlte,  899. 
Hematite.  872. 
HObnerite,   467. 
Huntllite,  409. 
Hydrocnprlte,  872. 
Hydroglobertlte,  610. 
Hydromagneslte,  818. 
HydrotrolUte,  872. 
Hydrozlndte,  661. 
Ilsemannlte,  900. 
lodobromlte,  140. 
lodyrlte,  140. 
Klaprothlte,  008. 
Labradorlte,  ayentnrlne,  18. 
Lardlte,  872. 
Laumontlte,  818. 
Lechetell6rlte,  872. 
Lepldollte,  902. 
Leverrlerlte.  620. 
Lleblglte,  616. 
Llmonlte,  872. 
Ldtbarge,  611. 
Lltharglte,  1114. 
LOlllnglte,  820. 
Magneslolndwlglte,  148L 
Malachite,  608,  651. 
Malacon,  872. 
Margarosanlte,  866. 
Maskelynlte,  872. 
Massicot,  611. 
Masslcotite,  1114. 


Matlldlte,  820. 
Melanconlte,  872. 
Mellllte,  205. 
MerrUUte,  866,  1120. 
Mlnasragrite,  901. 
MlrabUlte,  607,  790. 
MonaaUe,  908. 
Monlte,  872. 
Montlcellite,  818. 
Myellne,  872. 
NlccoUte,  820. 
Okenlte.  818. 
Opal.  818,  872. 
Ortboclase,  608. 
Partechlnlte,  618. 
Penfleldlte,  612. 
Petalltc,  902. 
Phenadte,  477. 
Pitchblende.  872. 
Plttlclte,  872. 
Plattnertte,  926. 
Polybaslte,  820,  409. 
Prehnlte,  818. 
Prlcelte,  609. 
Proastlte,  820,  400. 
PsUomelane,  872. 
Ptllollte,  698. 
Pyrargyrlte,  409. 
Pyrlte,  409,  478,  608. 
Pyrolnslte,  872. 
Pyromorphlte,  926. 
Quarte,  818,  608,  1107. 
Quercylte,  872. 
Rammelsberglte,  820. 
Rasplte,  467. 
Rhodochroslte,  1117. 
Rlversldelte,  818,  86* 
RutUe,  black,  443. 
ScapoUte,  813. 
Scheellte,  164,  457. 
Schlrmerlte,  409. 
Schunglte,  872. 
Scorodlte,  820. 
Seridte,  608.  . 
BhanyaTsklte,  872. 
Slderite,  1117. 

Sllyer,  natWe,  820,  409,  468. 
Slate,  608. 
Smaltlte,  820. 
Smlthsonlte,  661. 
Spencerlte,  866,  1083. 
Specularlte,  872. 
Sphalerite,  813,  409. 
Spodnmene,  902. 
Stephanlte,  409. 
Stevenslte,  872. 
Sdblconlte,  872. 
Stllbite,  478. 
Stolzlte,  467. 
Stromeyerlte,  409. 
Stmeverlte,  448. 
Sulphcirlte,  872. 
Sympleslte,  320. 
Tellorlde,  806. 
Tetrahedrlte,  409. 
Thanmaslte,  1123,  1126. 
Thorlanlte,  903. 
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Thorite,  90S. 
Thnriiifflte,  618. 
Tltanite,  818. 
ToannAlliM,  818,  898. 
TriphjUlte,  902. 
Tnngstentte,  S99,  1110. 
Tnngitlte,  457. 
Tnrglte,  872. 
TarqtioiK,  898. 
Unmoptlite,  617. 
UrmnothaUlte,  61S. 


VcsoTiaiilte,  818. 
Waliwwlte,  818. 
Water  (crystals),  ITL 
Wllkeite.  818. 
Wlllemite,  477. 
Wolframite,  154,  46T. 
Wollastonlte,  818. 
Xanttaoehroite,  872. 
Zinnwaldlte,  902.    . 
Zippelte,  617. 
Zircon,  818. 
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Ampblbollte,  821,  787. 

Andeslte.  257,  787. 

Andesite  breccia,  787. 

Andeslte  porphyry,  288. 

Anorthoslte,  698. 

Aplits,  821. 

Aporhyolite,  821. 

Arf  illlte,  821. 

Ari^tes,  698. 

Arkose,  821. 

Ansite  andesite,  787. 

Aoffite  camptonite,  182. 

Aoglte  latite,  182. 

Aofite  porphyrlte,  182. 

Basalt,  257. 

Beerbachose,  821. 

Biotlte  andesite,  787.' 

Biotlte  granite,  288. 

Biotite  latite,  53. 

Biotite,  syenite,  238. 

Bostonite,  53. 

Breccia,  506. 

Camptonite,  321. 

Conglomerate,  321. 

Comberlandite,  321. 

Diabase,  224,  321,  537.  608. 

Diabase  pltcbstone,  321. 

Diorlte.  238.  321.  537. 

Diorite  porphyry.  132,  238. 

Dunite,  321,  693. 

Essexite,  321. 

Gabbro,  53,  321,  537,  596,  730. 

Gabbro-diorite.  321. 

Gneiss.  321,  537. 

Granite,  53,  132,  238,  321,  537,  596.  608, 

730. 
Granite  gneiss.  53,  321. 
Granite  pof^matite.  5.3. 
Granite  porphyry,  132,  238,  257. 
GranodioritG,  132.  321. 
Greenstone  (Virgllina),  008. 
Harzburgite.  693. 
Hessose,  321. 
Ilolyolceite.  321. 
Hornblende  andesite.  53. 
Homblende-augite  monzonltc,  787. 
Hornblende-blotite  syenite.  238. 
Hornblende  monzonlte  porphyry,  53. 
Hornblendite.  603. 
Keratophyre.  257. 


Kersantite,  182. 

Koswits,  698. 

Latite,  787. 

Lhersolite,  698. 

Lydite,  821. 

Marble,  821. 

Metagabbro,  780. 

Microgranite,  288. 

Minette,  182,  821. 

Monsonite,  58,  182,  80t. 

Nordmarkite,  821. 

Norite,  224. 

Northfleldlte,  821. 

Odinite,  821. 

Olivine  diabase,  224^ 

Paisanite,  821. 

Palagonite,  821. 

Pegmatite,  288. 

Phyllite,  821. 

Pnlaskite,  182,  802. 

Pyroxene  monsonite,  288. 

Pyroxenlte,  596. 

Quartz  basalt,  257. 

Quartz-biotite  schist,  53. 

Quartz  diabase,  224. 

Quartz  diorite.  53,  238.  321. 

Quartz  gneiss,  53. 

Quartz  latite,  257. 

Quartz  monzonite,  53,  238,   821. 

Quartz  monzonite  porphyry,  257. 

Quartz  norite,  224. 

Quartz  porphyry.  608. 

Quartzite,  821. 

Rhyollte,  238.  257,  821.  787. 

Rhyollte  pltcbstone,  787. 

Rhyollte  porphyry,  238. 

Rhyollte  tuff,  787. 

Sandstone,  321. 

Saxonlte.  321. 

Schist.   321. 

Serpentine,  321.  730. 

Slate.  321.  008. 

Syenite.  321. 

Syenite  porphyry,  58. 

Tonal  ite,  321. 

Toscanose,   321. 

Tuff,  321. 

Vogeslte  132. 

Wchrlite,  321. 
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Aaron  sUte.OrdoTldaii  (7),  Virginia,  North 
Carolina:  Laney,  608. 

AbbeTTllle   gabbro,   Virginia,    North   Caro- 
lina:  Laney,  60S. 

Abilene  limestone,  Permian,  Texai:  Wra- 
ther,  1174. 

Admiralty  till,  Pleistocene,  British  Colum- 
bia :  Clapp,  198. 

Agawa    formation,    pre-Cambrlan,    Minne- 
sota :  Broderlck,  119. 

Akron  dolomite,   Silurian,  Ontario:   Chad- 
wick,  183. 

Aldrldge  conglomerate,  pre-Cambrlan,  Brlt- 
iBh  Columbia :  Drysdale,  808. 

Alirer    stage,    Silurian,    Kentucky:    Miller, 
727. 

Allegheny  formation,  Pennsylyanian,  Ohio: 
Stoat.   1008. 

Allegheny  series,  Pennsylyanian,  West  Vir- 
ginia :  Hennen,  451. 

AllensTllle    member,    Mlssisslppian,    Ohio: 
Stout,  1008. 

Allensville    substage,    Mlssisslppian,    Ken- 
tucky: Miller. 

Allentown    limestone,    Cambrian,    Pennsyl- 
vanU:  Miller.  727,  728. 

Allison  formation.  Cretaceous,  British  Co- 
lumbia: Bose,  880. 

Alpena     limestone,     Devonian,     Michigan : 
Smith,  967. 

Alta    shale,    Cambricn,    Utah :    Tomlinson, 
1027. 

Alum   Bluff   formation,   Miocene,   Florida: 
Sellards.  919. 

Alum  Bluff  formation,  Tertiary,   Georgia: 
Shearer,  936. 

Ames     limestone,     Pennsylyanian,     Ohio: 
Stout,  1008. 

Ames  limestone  and  shale,  Pennsylyanian, 
West  Virginia :  Hennen,  461. 

Amherst   schist.   Carboniferous,   Massachu- 
setts :  Emerson,  321. 

Amsden   formation.   Carboniferous,   Wyom- 
ing :  Hewett  and  Lupton,  461. 

Amsterdam     limestone,     Ordoylcian,     New 
York:  Coryell,  237. 

Anastasia  formation.  Pleistocene,  Florida : 
Chamberlin,  186. 

Anderdon    limestone,    Silurian,    Michigan : 
Smith,  967. 

Annabelle  shale,  Pennsylyanian,  West  Vir- 
ginia: Hennen.  461. 

Antrim     shale,     Mlssisslppian,     Michigan : 
Sherzer,  917. 

Anvil  Rock  substage,  Pennsylyanian,  Ken- 
tucky:  Miller,  727. 
Apalachicola     group,     Tertiary,     Georgia : 

Shearer,  936. 
Aqula  formation,  Tertiary  (Eocene),  Mary- 
land :  Billler  el  ol.,  730. 
Arcturus  limestone,  Pennsylyanian,  Nevada : 

Spencer,  976. 
Arkadelphla    clay,    Cretaceous,    Louisiana : 
Matson  and  Hopkins,  696. 


Arkansas  novaculite,  DeronUui,  Arkaana; 
Miser,  787. 

Arkona  beds,  Devonian,  Ontario:  Graban, 
898. 

Amhelm  substage,  Ordovidan,  Kentucky ; 
Miller,  727. 

Amoldsburg  sandstone,  Pennsylvanian, 
West  Virginia :  Hennen,  461. 

Arundel  formation.  Cretaceous,  Maryland: 
MlUer  et  ah,  780. 

Aspermont  dolomite*  Permian,  Texas: 
Wrather,  1174. 

Astoria  series,  Ollgocene,  California: 
Clarke,  204. 

Athabasca  series,  pre-Cambrian,  Saskatche- 
wan :  Alcock,  9. 

Athens  shale,  Ordovidan,  Virginia  and  Ten- 
nessee: Raymond,  888. 

Atoka  formation.  Carboniferous,  Arkansas: 
Miser,  787. 

Aurora  sandstone,  Mlssisslppian,  Ohio: 
Verwiebe,  1066. 

Austin  chalk.  Cretaceous,  Texas:  Hopkins, 
486;  Matson  and  Hc^klns,  697;  Udden 
and  Bybee,  1050. 

Ayer  granite.  Carboniferous  (or  later), 
Massachusetts:  Emerson,  821. 

Bad  River  limestone,  Algonklah,  Michigan: 
Smith,  967. 

Baltimore  gneiss,  pre-Cambrlan,  Maryland: 
Miller  ei  al.,  730. 

Barnwell  formation.  Tertiary,  Georgia: 
Shearer,  936. 

Bass  Islands  dolomite,  Silurian,  Michigan: 
Sherzer,  917. 

Bass  Island  series,  Silurian,  Michigan: 
Smith,  967. 

Bayport  (Mazvllle)  limestone,  Mlssisslp- 
pian, Michigan :  Smith,  967. 

Bearpaw  formation,  Cretaceous,  Montana: 
Thom,  1020. 

Bearpaw  shale,  Oetaceous, ,  Alberta :  Dowl- 
Ing,  296. 

Bearpaw  shale,  Cretaceous,  Montana :  Col- 
lier, 223;  Hares.  424;  Steblnger,  984; 
Woolsey  ei  al„  1173. 

Beattyville  substaee,  Pennsylyanian,  Ken- 
tucky: MUler,  727. 

Becket  granite  gneiss,  Archean,  BCassachu- 
setts:  Emerson,  321. 

Becraft  limestone,  Devonian,  Pennsyl- 
vania :  Reeslde,  841. 

Bedford  formation,  Mlssisslppian,  Ohio: 
Stout,  1008. 

Bedford  shale,  Devonian  or  Carbonaceous, 
Ohio:  Rogers,  876. 

Bedford  shales,  Devonian,  Ohio:  Verwiebe, 
1067. 

Bedford  substage,  Mlssisslppian,  Kentucky : 
Miller,  727. 

Beekmantown  formation,  Ordovlcian,  Mich- 
igan:  Smith,  967. 

Beekmantown  limestone,  Ordovidan,  Penn^ 
sylvanla:  Miller,   728. 
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Beekmantowii  limeitone,  OrdoTldmii,   Ver- 
mont: Perkins,  794. 
Belchertown  tonallte,  CarbonUerou,  Mus- 

adraeetti:  Xmenon,  821. 
Belleme  sabstace,  Ordovleian,  E^entuckj: 

UlUer,  727. 
Belllnglutni    con^omerate,    Carbonlferoua, 

Maaaachoaetts  and  Rhode  Iiland :  Emer- 

BOtt,  821. 
Bellowapipe  limestone,  OrdoTlcUn,  Massa- 

chosetts:  Emerson,  821. 
Belly    RlTer   series,    Cretaceoua,    Alberta: 

Dowllng,  296. 
Bennett  quartslte,  pre-Cambrian,  Quebec: 

Knox,  596. 
Benson   conflomerate.   Cretaceous,   British 

Colombia:  Clapp,  193. 
Benson  formation,  OrdoTidan,  Kentucky: 

Raymond,  888. 
Benton  formation,  Cretaceoua,  British  Co- 
lumbia: Rose,  880. 
Benton  formations.  Cretaceous,  Wyoming 

Ziegler,  1189. 
Benton  shale.  Cretaceous,  North  Dakota 

Leonard,  688. 
Berea     formation,     Mississlppian,     Ohio 

Stout,  1008. 
Berea    formation,    MisslsslpplaUt    Pennsyl 

▼aula:  Verwiebe,  1066. 
Berea  sandstone,  Mississlppian,  Michigan 

Sherser,  917. 
Berea  sandstone,  Mississlppian,  Ohio:  Rog 

ers,  875. 
Berea    substage,   Mississlppian,   Kentucky 

Miller,  727. 
Berkshire     schist,     Ordovlclan,     Massacbu 

setts:  pjmersoD,  321. 
Bernardston    formation,   DcTODian,    Massa 

ciiusctts :  Emerson,  321. 
Berne   substage,   Mlssissippian,    Kentucky 

Miller,  727. 
Berwick    gneiss,    pre-Carbonlferous,    Maine, 

New  Hampshire :  Katz,  546. 
Bessemer  granite,  pre-Cambrian,  North  and 

South  Carolina :  Keith  and  Sterrett.  558. 
Bethel  substage,  Mississlppian,  Kentucky : 

Miller,  727. 
Beverly     syenite,     Carboniferous,     Massa- 
chusetts :  Emerson,  321. 
Biddcford  granite,  post-Carboniferous,  New 

Hampshire  and  Maine :  Katz,  540. 
Bigby    ( ?)      limestone.      Ordoviclan,     Ken- 
tucky:  Phalen,  799. 
Bigby     substage,     Ordovician,     Kentucky : 

Miller,  727. 
Bigfork      chert,      Ordoviclan,      Arkan.sas : 

Miser,  737. 
Bighorn    dolomite,     Ordoviclan,    Wyoming 

and  Montana :  Tomllnson,  1027. 
Bingen  sand.  Cretaceous,  Arkansas :  Berry, 

69. 
Birch  Creek  schist,  pre-Ordovician,  Alaska : 

Capps,  1^4. 
Birdsville   stage,   Mississlppian,   Kentucky : 

Miller,   727. 
Birmingham    moraine,    Quaternary,    Michi- 
gan: Sherzer,  917. 


Blrmingliam    «hala,    PannaylTaBlaB,  Wm 

Virginia:  Hennen,  401. 
Bisher   member,    BUnrlan,    01ii«:  ItaM^ 

850. 
Black  Hand  .substage,  HSaatflslpslaa,  Ka- 

tncky:  MiUer,  727. 

Black    RiTer   formatioii,    OrdOTtdaa,  Net 

York :  Coz7ell»  287. 
Black    River    llmeatone,    Ordovldaa,  T» 

mont:  Perkina,  794. 

Blairmore    formation,    C?retacemis,  Bdttt 

Columbia:  Rose,  880. 
Blakely  sandstone,  OrdoTidaa,  AifcaaiH 

Miser,  787. 
Blaylock    sandstone,    StlarlaB,    Ai*«i>f 

Miser.  787. 

Bliss  sandstone,  Cambrian,   New  Mote 

Darton,  287.  258. 
Blowout    Mountain     sandstone^    Pendn, 

Texas:  Wrather,  1174. 
Blue  HiU  granite  porphyry,  GartMNdtas*^ 

Massachusetts:  Bmerson,  821. 
**  Bolton  **  gneiss,  Carboniferona,  i/y«T"a<*f. 

setts:  Emerson,  821. 

Bonanxa  latite,  Colorado :  Patton,  787. 
Bonne  Terre  dolomite,  Cambrian,  MlsMod: 

Buehler,  137. 
Boone  formation,  Mlssissippian,  Missouri: 

Buehler,  137. 

Bowden  beds,  Miocene,  Mexico  and  Cestnl 

America :  Dlckerson,  281. 
Boylstoo  sdiist,   Carboniferous,  Miwsflu- 

setts :  Emerson,  321. 
Bradfordian    series,    DeTonian,    Ptnnsftvt* 

nia:  Verwiebe,  1067. 
Braintrce  slate,  Cambrian,  Massachusetti: 

Emerson,  321. 

Brandywlne  formation.  Tertiary  (Pltocene). 

Maryland :  Miller  et  <U.,  730. 
Brannon  cherty  member.  OrdoYldan,  Kes- 

tucky:  Phalen.  799. 
Brassficld    substage.    Silurian,    Kentaely: 

Miller  727. 
Breathitt  stage.  Pennsylyanian.  Kentucky: 

Miller.  727. 
Brecksville  formation.  Mlssissippian.  Obio: 

Verwiebe.  1066. 

Brldgeton  formation,  Quaternary,  New  Je^ 
soy :  Salisbury  and  Knapp,  890. 

Brimfleld  schist.  Carboniferous.  Massacho- 
setts :  Emerson,  321. 

Broncho  Mountain  granite,  Colorado:  Crt»- 
ford  and  Worcester,  238. 

Brookllnc  conglomerate  member.  Carbon- 
iferous. Massachusetts :  Emerson,  321. 

Brownstown  sandstone.  Pennsylvsnitiii 
West  Virginia:  Hennen.  451. 

Bruce  conplomerutc,  pre-Cambrian.  On- 
tario :  Qulrko,  827. 

Bwcc  limestone.  pre-Cambrian,  Ontario: 
Quirkc,  827. 

Bruce  sorlos.  pre-Cambrlan.  Ontario: 
Qulrko,  827. 

Brunswick  conglomerate.  Trlasslc.  Pennsyl- 
vania :  Jonas,  537 ;  Miller,  728. 
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Branswick    shale,    Triasslc,   Pennaylvanla  : 
Jonas.  637 ;  Miller.  728. 

Brush     Creek     llmeBtone.     PennsylTanlaii, 
Ohio:  Stout,  1008. 

Brush  Creek  limestone  and  shale,  Pennsyl- 
vanian,  West  Virginia :  Hennen,  451. 

Buckingham  series,  pre-Cambrian,  Quebec: 
Wilson,  1153,  1154. 

Buena  Vista  member,  Mississippian,  Ohio: 
Stout,  1008. 

Buffalo   cement  bed,   Silurian,   New   York: 
Chadwick,  183. 

Buffalo  granite,  Virginia :  Laney,  608. 

Buffalo  sandstone,  Pennsylvanian,  West 
Virginia:  Hennen,  451. 

Buffalo  Hill  sandstones,  Permian,  Texas: 
Wrather,  1174. 

Bulkley  Intrusives,  Tertiary  <?),  British 
Columbia :  Dolmage,  292. 

Bull  Lake  Creek  formation,  Cambrian,  Wy- 
oming :  Branson,  112. 

BuIIwagon  dolomite,  Permian,  Texas: 
Wrather,  1174. 

Burgeon  formation,  Mississippian,  Pennsyl- 
vania:  Verwiebe,  1066. 
Byer   member,  Mississippian,  Ohio:   Stout, 

1008. 

Byer  substage,  Mississippian,  Kentucky: 
Miller.  727. 

Calaveras  formation.  Carboniferous,  Cali- 
fornia :  Moody,  742. 

CaKert  formation,  Tertiary  (Miocene), 
Maryland :  Miller  et  ah,  730. 

Cambridge  limestone,  Pennsylvanian,  Ohio: 
Stout,  1008. 

Cambridge  slate,  Carboniferous,  Massachu- 
setts:  Emerson,  321. 

Camden  chert,  Devonian,  Tennessee:  Dun- 
bar. 306. 

Campbell  Creek  limestone,  Pennsylvanian, 
West  Virginia :  Hennen,  451. 

Camp  Nelson  substage,  Ordovician,  Ken- 
tucky :  Miller,  727. 

Canajoharle  shale,  Ordovician,  New  York : 
Raymond,  838. 

Cantwell  formation,  Tertiary,  Alaska : 
Capps,  174. 

Cape  Elizabeth  formation.  Carboniferous, 
Maine :  Katx»  546. 

Cape  May  formation.  Quaternary,  New  Jer- 
sey :  Salisbury  and  Knapp.  890. 

Carbondale  formation,  Pennsylvanian,  Illi- 
nois :  Brokaw,  121 ;  Cady.  151 ;  Hinds, 
469,  470;   St.  Clair,  886. 

Carlile  shale,  Cretaceous,  Wyoming :  Hares, 
424. 

Carmelo  series.  Cretaceous,  California : 
Hawley,  431. 

Carolina  gneiss,  Archean,  North  and  South 
Carolina :  Keith  and  Sterrett,  558. 

Carrizo  formation.  Tertiary,  California: 
Vanghan,  1064. 

Casco  Bay  group,  Carboniferous,  Maine : 
Katz,  546. 

Casey ville  substage,-  Pennsylvanian,  Ken- 
tucky:  Miller,  727. 


CassviUe  plant  shale,  Permo-Carboniferous, 

West  Virginia :  Hannen,  451. 
Castile     formation,     Permian  (?),     Texas: 

Porch,  811. 
Catahoula  sandstone,  Oligocene,  Alabama: 

Hopkins,  488. 

Catahoula  sandstone,  Oligocene,  Louisiana: 
Matson,  695. 

Cathedral  formation,  Cambrian,  British  Co- 
lumbia: Walcott,  1078,  1079. 

CatskiU,  Devonian,  New  York:  Verwiebe, 
1067. 

Cedar  District  formation,  Cretaceous, 
British  Columbia:  Clapp.  193. 

Cedar  Orove  (Upper)  sandstone,  Pennsyl- 
vanian, West  Virginia :  Hennen,  451. 

Cedarville  dolomite,  Silurian,  Ohio: 
Foerste,  350. 

Cedarville  sandstone,  Pennsylvanian,  West 
Virginia :  Hennen,  451. 

Chagrin  shale,  Devonian,  Ohio:  Rogers, 
875. 

Chagrin  shales,  Devonian,  Ohio:  Verwiebe, 
1067. 

Chainman  shale,  Mississippian,  Nevada: 
Spencer,  975. 

Cbanute  shale,  Pennsylvanian,  Missouri : 
Hinds  and  Greene,  471. 

Chattahoochee  formation,  Oligocene,  Flor- 
ida:   Sellards,  919. 

Chattahoochee  formation,  Tertiary,  Geor- 
gia :  Shearer,  936. 

Chattanooga  shale,  Mississippian,  Tennes- 
see :  Dunbar,  306. 

Chazy  limestone,  Ordovician,  Vermont: 
Perkins,   794. 

Cherokee  shale,  Pennsylvanian,  Missouri: 
Hinds  and  Greene,  471. 

Cherryvale  shale,  Pennsylvanian,  Missouri : 
Hinds  and  Greene,  471. 

Chesapeake  group,  Tertiary  (Miocene), 
Maryland  :  Miller  et  al,  730. 

Cheshire  quartzlte,  Cambrian,  Massachus- 
etts :  Emerson,  321. 

Chester    amphibolite,     Ordovician,    Massf^- 

chusetts :  Emerson,  321. 
Chester  group,  Mississippian,  Illinois:   St. 

Clair,  886. 
Chlco,  Cretaceous,  California :  Clark,  197. 
Cblco    formation.    Cretaceous,    California: 

Waring,   1088. 
Chlcopee    shale,    Triasslc,    Massachusetts : 

Emerson,  321. 
Chlnle  formation,  Triasslc,  Arizona,  Utah, 

and  New  Mexico ;  Gregory,  402. 

Choctawha tehee  formation,  Miocene,  Flor- 
ida:   Sellards,  919. 

Chugwater  formation,  Permo-Carbonifer- 
ous,  Wyoming :  Knight,  589. 

Chugwater  formation,  Triasslc,  Wyoming: 
Hewett  and   Lupton,   461.  > 

Chuska   sandstone.    Tertiary,   New   Mexico 

and  Arizona :  Gregory,  402. 
Cltronelle    formation,    Pliocene,    Alabama: 

Hopkins,  488. 
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Citronelle  formation,  Pliocene,  Louisiana: 
Matson,  695. 

Claggett  formation,  Cretaceous,  Montana: 
Tbom,   1020. 

Claggett  shale,  Cretaceous,  Montana :  Col- 
lier, 223;  Hares,  424. 

Claiborne  beds.  Tertiary,  Georgia :  Shearer, 
936. 

Claiborne   group,   Eocene,   Alabama :    Hop- 
kins, 488. 

Claiborne  group.   Eocene,   Louisiana :   Mat- 
son,  695. 

Clallam  formation,  Oligocene,  Washington  : 
Clarke,  204. 

Clarion     member,     Pennsylvanian,     Ohio : 
Stout,  1008. 

Clarksburg  limestone,  Pennsylvanian,  West 
Virginia :  Hennen,  451. 

Clear  Fork  beds,  Permian,  Texas :  Wrather, 
1174. 

Clearwater  formation.  Cretaceous,  Alberta : 
McLearn,  076. 

Cleveland   shale,   Devonian,   Ohio:   Rogers, 
875. 

Cleveland  shales,  Devonian,  Ohio  :  Verwiebe, 
1067. 

**  Clinton "      formation,      Silurian,      Ohio : 
Rogers,  875. 

Clore  formation,  Mississippian,  Illinois :  St. 
Clair,  886. 

Clore    substage,    Mississippian,    Kentucky : 
Miller,  727. 

Cloverly  formation.  Cretaceous,   Wyoming : 
Ziegler,  1189,  1190. 

Cloverly   formation.    Cretaceous    (?),    Wyo- 
ming :  Hewitt  and  Lupton,  461. 

Coalburg    sandstone,    Pennsylvanian,    West 
Virginia  :  Ilcnnen,  451. 

Coalburg     (Lower)     sandstone,     Pennsylva- 
nian, West  Virginia  :  Hennen,  451. 

Cobalt  series,   pre-Cambrian,  Ontario  :   Col- 
lins, 224  ;  Qulrke,  827. 

Cockeysville   marble,   Cambrian    (?),   Mary- 
land :  Miller  et  al.,  730. 

Cody     formation.     Cretaceous,      Wyoming : 
Ziegler,  1189. 

Cody  shale.  Cretaceous,  Wyoming :  Ziegler, 
1190. 

Cody     shale.     Cretaceous     (?),     Wyoming, 
Hewett  and  Lupton,  4C1. 

Coeymans  limestone,   Devonian,   Pennsylva- 
nia :  Becside,  841. 

Coldwater    shale,   Mississippian,    Michigan : 
Sherzer.  917. 

Coles  Brook  limestone,  Arcbean,  Massachu- 
setts:   Emerson,  321. 

Collier  shale,   Cambrian,   Arkansas :   Miser, 
737. 

Collingwood     formation,     Ordovician,     On- 
tario :   Unymond,  833. 

Colorado  group,  Cretaceous,  Alberta  :   Dow- 
11  ns.  29G. 

Colorado  group,  Cretaceous,  Montana  :  Col- 
lier, 223. 

Colorado      shale.      Cretaceous,      Montana : 
Hares,  4^4 ;  Stebinger,  984. 


Colorado   shale.   Cretaceous,    New  Mezitt: 

Darton,  257. 
Colquitz  gneiss,  Jurassic,  British  Columbia: 

Clapp,  193. 
Columbia  formation,  Qnatemary,  New  Jer- 
sey :  Salisbury  and  Knapp,  890. 
Columbia  group.  Quaternary   (PleistoceiM), 

Maryland :  Miller  et  al.,  730. 
Columbia  substage.  Quaternary,  Kentucky : 

Miller,  727. 
Columbus      limestone,      DeTonian,     Ohio: 

Rogers,  875. 
Columbus    substage,    Devonian,    Kentucky: 

Miller,  727. 
Cohvood    sands    and    gravels.    Pleistocene, 

British  Columbia :  Clapp,  193. 
Comanche  series.  Cretaceous,   Texas:  Mat- 
son  and  Hopkins,  097. 
Comanche   series.    Lower    Cretaceous,  Loo- 

isiana :  Matson  and  Hopkins,  606. 
Comanchean     system,     Wyoming:     Ziegler, 

1189. 
Comanche       Peak,       Cretaceous,       Texu: 

Wrather,  1174. 
Conemaugh       formation,        Pennsylvanian, 

Ohio:  Stout,  1008. 
Conemaugh     series,     Pennsylvanian,    West 

Virginia :  Hennen,  451. 
Conewango   formation,    Devonian,   Pennsjl- 

vania :  Verwiebe,  1067. 
ConnellsviUe      sandstone,       Pennsylvanian, 

West  Virginia :  Hennen,  451. 
Conway    schist,    Silurian     (?),    Massaebn- 

setts :  Emerson.  321. 
Conway     schist,    Triassic,     Massachusetti: 

Emerson,  321. 
Coon  Creek  horizon.  Cretaceous,  Tennessee: 

Wade,  1072. 
Corbln  substage,  Pennsylvanian,  Kentucky: 

Miller,  727. 
Corry  sandstone,  Mississippian,  PennsylTa- 

nla  ;  Verwiebe,  1066. 
Corry vllle  substage,  Ordovician,  Kentucky: 

Miller,  727. 
Coys  Hill  granite.  Carboniferous  (or  later), 

Massachusetts :  Emerson,  321. 
Crab   Orchard   clay   shale,    Silurian,  Ohio: 

Foerste.  350. 
Cre.ston    formation,    pre-Cambrian,    Britisli 

Columbia :  Drysdale,  803. 
Crowsnest    volcanlcs.    Cretaceous,    British 

Columbia  :  Rose,  880. 
Crystal  Mountain  sandstone,  Ordovician  (?)i 

*Vrkansas  :  Miser,  737. 
Curdsville      formation.      Ordovician.     Ken- 
tucky :    Raymond,    833. 
Curdsville  substage,  Ordovlslon,  Kentucky: 

Miller,   727. 
Curlew  substage,  Pennsylvanian,  Kentucky; 

Miller,    727. 
Cushlng    jrninodiorite.    Carboniferous    (?)i 

Maine :  Katz,  546. 
Cussewago  sandstone,  Mississippian,  Penn- 

sylvaula  :  Verwiebe,  1066. 
Cu.ss(^wago    shale,    Mississippian,    Pennsyl- 
vania ;  Verwiebe,  1066. 
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Cnyahoga   formation,  Misslsslpplan,   Ohio: 

Stout,   1008. 
Cuyahoga  stage,  Mississlppian,   Kentucky: 

Miller,  72T. 
Cynthiana     formation,     O'rdovician,     Ken- 
tucky :  Raymond,  833. 
Cynthiana    stage,    Ordoviclan,    Kentucky: 

Miller,  727. 
Cypress  formation,  Mississlppian,  Illinois: 

St.  Clair,  886. 
Cypress  substage,  Mississlppian,  Kentucky: 

Miller,  727. 
Cypress  Creek  chert,  Devonian,  Tennessee: 

Dunbar,  306. 
Dakota  group.  Cretaceous,  Alberta :  Dowl- 

ing,  296. 
Dakota  standstone,   Cretaceous,  New  Mex- 
ico, Arizona,  and  Utah :  Gregory,  402. 
Dakota   sandstone.   Cretaceous,   North   Da- 
kota: Leonard,  633. 
Da  I  ton     formation,     Cambrian,    Massachu- 
setts :  Emerson,  321. 
Dana    diorite.    Carboniferous     (or    later), 

Massachusetts :  Emerson,  321. 
Davis  shale,  Cambrian,  Missouri :  Buehler, 

137. 
Dayton  limestone,  Silurian,  Ohio :  Foerstc, 

350. 
Decatur    limestone,    Devonian,    Tennessee: 

Dunbar,  806. 
De   Chelly   sandstone.   Carboniferous    (Per- 
mian?), Arizona:  Gregory,  402. 
Dccorah  shale,  Ordoviclan,  Minnesota :  Ray- 
mond, 833. 
Decota  sandstone,  Pennsylvanian,  West  Vir- 
ginia :  Hennen,  451. 
De   Coarcy   formation.  Cretaceous,  British 

Columbia :   Clapp,   193. 
Dedham  granodiorite,  Devonian  (?),  Massa- 
chusetts: Emerson,  321.^ 
Deerfleld  sheet,  Trlassic  (or  later),  Massa- 
chusetts :  Emerson,  321. 
Defiance   moraine.    Quaternary,   Michigan : 

Sherzer,  917. 
Delaware   formation,   Permo-Carbonlferous, 

Texas :  Porch,  811. 
Delaware  limestone,  Devonian,  Ohio:  Rog- 
ers, 875. 
Delaware    subSitage,    Devonian,    Kentucky : 

Miller,  727. 
Derby     formation,     Cambrian,     Missouri : 

Buehler,  137. 
Detvoit    interlobate    moraine.    Quaternary, 

Michigan :  Sherzer,  917. 
Detroit  River  dolomite,  Silurian,  Michigan  : 

Sherzer,  917. 
Detroit   River    series,    Silurian,    Michigan : 

Smith,  967. 
Dewey     lime&tone,     Pennsylvanian,     Okla- 
homa:  Fath.  333. 
Diamond      Island      slate.      Carboniferous, 

Maine:  Katz,  546. 
Dighton  conglomerate,  Carboniferous,  Mas- 
sachusetts :  Emerson,  321. 
Poe   Run   formation,   Cambrian,   Missouri : 
Buehler,  137. 


Dorchester  slate  member,  (^rbonlferoua, 
Massachusetts :  Emerson,  321. 

Double  Mountain  beds,  Permian,  Texaa : 
Wrather,  1174. 

Douglas  formation,  Pennsylvanian,  Mis- 
souri and  Kansas:  Hinds  and  Greene, 
471. 

Drum  limestone,  Pennsylvanian,  Missouri: 
Hinds  and  Greene,  471. 

Dry  Creek  shale,  Cambrian,  Montana :  Wal- 
cotf,  1079. 

Duluth  gabbro,  pre-Cambrlan,  Minnesota: 
Broderick,  119. 

Duncan  formation.  Cretaceous,  British  Co- 
lumbia: Clapp,  193. 

Dundee  limestone,  Devonian,  Michigan: 
Sherzer,  017. 

Dundee  (Onondaga)  limestone,  Devonian, 
Michigan:  Smith,  967. 

Dunderberg  formation,  Cambrian,  Nevada: 
Walcott,  1078. 

Dunkard  scries,  Permo-Carbonlferous,  West 
Virginia :  Hennen,  451. 

Durbln  formation,  Silurian,  Ohio :  Foerste, 
350. 

Eagle  limestone  and  shale,  Pennsylvanian, 
West  Virginia :  Hennen,  451. 

Eagle  sandstone.  Cretaceous,  Montana :  Col- 
lier, 223 ;  Hares,  424 ;  Thom,  1020. 

Eagle  sandstone,  Pennsylvanian,  West  Vir- 
ginia ;  Hennen,  451. 

Eagle  Ford  shale,  Cretaceous,  Texas:  Hop- 
kins, 486 ;  Matson  and  Hopkins.  697. 

Eagle  Ford  shales,  Cretaceous,  Texas:  Ud- 
den  and  Bybee,  1050. 

Eagle  Gulch  latitc,  Colorado:  Patton,  787. 

East  Lynn  sandstone,  Pennsylvanian,  West 
Viriglnia :  Hennen,  451. 

East  Lynn  (Upper)  sandstone,  Pennsyl- 
vanian, West  Virginia :  Hennen,  451. 

Ellen  shale,  Ordoviclan,  Kentucky :  Shaw. 
932. 

Eldorado  formation,  Cambrian,  Nevada: 
Walcott,  1078. 

FJgln  sandstone,  Pennsylvanian,  Oklahoma : 
Fath,  333. 

Eliot  slate.  Carboniferous,  Maine  and  New 
Hampshire :  Katz,  546. 

Elk  Basin  sandstone  member  of  ^agle  sand- 
stone. Cretaceous,  Wyoming:  Hares,  424. 

Elk  Lick  limestone,  Pennsylvanian,  West 
Virginia :  Hennen,  451. 

Ellis  formation,  Jurassic,  Montana :  Col- 
lier, 223 ;  Pardee,  V80. 

£1  Paso  limestone,  Ordoviclan,  New  Mex- 
ico: Darton,  257,  258. 

Ely  greenstone,  prc-Cambrlan,  Minnesota: 
Broderick,  119. 

Ely  greenstones,  pre-Cambrlan,  Ontario: 
Parsons,  784. 

Ely  limestone,  Pennsylvanian,  Nevada: 
Spencer,  975. 

Embar  formation.  Carboniferous,  Wyoming: 
Hewett  and  Lupton,  461. 

Emmet  moraine,  (^uat^iiary,  AUobi^pui: 
Sherzer,  917, 
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Bngadlne  dolomlto,  SUnrlaii,  mchlcu: 
Smith,  INI7. 

BiTliig  hornblendt  tehlit,  GulMmttemii, 
lUntdmaettB :  Bmenon,  821. 

Bspanola  gniTfi]*  iprt-Cambrlan,  Ontario: 
Qnlrke,  837. 

EnMnoU  greywacke,  pre-Otmbrlan,  On- 
tario: Qulrke,  827. 

JDafianola  llmMtone,  pre-Gambrlan,  Ontario : 
Qnlrte,  827. 

Bttm  rabatage,  SUorlan,  Kentucky :  Hlllar, 
727. 

Xtchegoln  formation.  Pliocene,  CalUomla: 
Oester,  872 ;  Nomland,  757,  768. 

Btcbegoln  group.  Pliocene,  California :  Nom- 
land,  758. 

Anpbemla  dolomite,  Silurian,  Ohio :  Foerate, 
860. 

fnreka  qnartalte,  Ordovldan,  Nerada: 
Spen^r,  976 ;  Tomllnaon,  1027. 

Sutaw  formation,  Cretaceoua,  Alabama  and 
Tenneaaee:  Berry,  67. 

Sutaw  formation,  Gretaeeoua,  Georgia: 
Shearer,  986. 

Butaw  formation,  Cretaceoua,  Kentucky: 
Wade,  1078. 

Butaw  formation,  Cretaceoua,  Iflaalaalppl ; 
Stephenson,  989. 

Bwlng  limestone,  PennsylTanlan,  West  Vir- 
ginia: Hennen,  451. 

Bxeter  dlorlte,  post-Carboniferous,  New 
Hampshire:  Eats,  546. 

Bxtenslon  formation,  Cretaceous,  British 
Columbia :  Clapp,  198. 

Falrhaven  member,  Tertiary  (Miocene), 
Maryland :  Miller  et  ah,  780. 

Fair  mount  subatage,  Ordoyidan,  Kentucky : 
Miller,  727. 

Fairvlcw  shale,  Ordovician,  Colorado ; 
Crawford  and  Worcester,  238. 

Falkirk  dolomite,  Silurian,  New  Tork: 
Chadwick.   183. 

F.almouth  pegmatite,  Maine:  Katx,  646. 

Farley  limestone  bed,  Pcnnsylvanian,  Kan- 
sas and  Missouri :  Hinds  and  Greene, 
471. 

Farnbam  formation,  Ordovician,  Quebec: 
Knox,   596. 

Fayette  sandstone.  Eocene,  Louisiana: 
Matson,  605. 

Fornie  formation,  Jurassic,  British  Colum- 
bia :  Roso.  880. 

Flborn  llmostone,  Silurian,  Michigan : 
Smith,  OCT. 

Fish  Haven  dolomite,  Ordovician,  Utah : 
Tomllnson,   1027. 

Fish  Haven  (Lower)  dolomite,  Ordovician. 
Utah :  Tomlinson,  1027. 

Fitchburg  granite,  Carboniferous,  Massa- 
chusetts :  Emerson,  321. 

Fltzwilliam  granite,  Carboniferous  (or 
later),  Massachusetts  and  New  Hamp- 
shire :   Emerson,   321. 

Flanagan  formation,  Ordovician,  Ken- 
tucky :  Raymond.  833. 

Flanagan  limestone,  Ordovician,  Kentucky: 
Phalen,  799. 


FUthend   fiiartitt%   OiwhTlatt,  Moatnt: 

Pudee,  780. 
flathea4(T)    aaadatoB^    Guiteian,  H» 

taaa:  Walcott,  10TB. 
FlaxTllle    formnllon«    Tertiary,   Koataia: 

Collier,  2S2. 
Foremost  beds,  Cretaceoiia»  Albvta:  Dot- 

ling,  298. 
Fort  MoQDtaln  formatloiB,   <^-»fcH«ii  ^ 

berta:  Walcott,  1078. 
Fort  Union  f onnatlonp  9oGeiM»  Merth  Si- 

kota:  Leonard,  688. 
Fort  Union  fdrmatlon,  TertUrj,  MeatiBi: 

Woolsey  «t  ^  1178. 
Fort  Union  formatlo&t  Tertiary,  Wyenisg: 

Zlegler,  1190. 
Fort  Union  formatloB,  Tertiary  (?),  Wjs- 

mlng:  Hewett  asd  laiptoii.  481. 
Fort  Union  formation,    Wjonlng :  W^ii- 

mana,  1109. 

Foz  HUla  aandstoae,  Cretacaona*  Herlli  Bih 

kota:  Leonard,  888. 
Frandacaa  formattoa,   Gallfofnla:  tailfe. 

982. 
Fraadaoan  group,  Callforala :  Glaxk,  lit 
Franklin  limestone,  pre^Sambrlaa,  Peaavt 

▼anla:  Jonaa,  887. 
Fredonla     snbatage,     lilaalsBlpplaB,    K)» 

tncky:  Miller,  727. 
Freeport    (Lower),    PennsylTanlan,  OUo: 

Stent,  1008. 
Freeport    (Lower)  .  limestone,    Penaejtn* 

nlan.  West  Virginia:  Hennen,  4BL 
Freeport      (Lower)      sandatone,     PcnM9^ 

Tanlan,  West  Virginia :  Hennen,  45t 
Freeport     (Upper)     limestone,    Penntylfi- 

nian,  West  Virginia :  Hennen,  451. 
Freeport     (Upper)     sandstone,    Pennijln- 

nian,  West  Virginia:  Hennen,  451. 
Frontier  formation,  Cretaceous,  WyomiBc: 

Hares,    424 ;    Knowlton,    695 ;    Ziegler, 

1189. 
Frontier  formation,  Chretaceons  (T),  Wyt- 

ming:  Hewett  and  Lupton,  461. 
Frontier  sandstones,  Cretaceona,  Wyoming: 

Ziegler,  1190. 
Fulton  ahale,  Ordorldan,  Ohio:  Baynosd, 

833. 

Fulton  (Utlca)  substage,  OrdoTldan,  Ken- 
tucky: Miller,  727. 

Fusselman  limestone,  Silurian,  New  Mex- 
ico:  Darton,  257,   258. 

Gabriola  formation,  Cretaceous,  Brltiib 
Columbia :  Clapp,  193. 

Gallatin  formation,  Cambrian,  Wyominf'* 
Tomllnson,  1027. 

Ganges  formation,  Cretaceoua,  British  Co- 
lumbia :  Clapp,  103. 

Garrard     (Paint    Lick)    substage,    OrdpTi* 

clan,  Kentucky :  Miller,  727. 
Gasper    (Tribune)    substage,   MlssissippUBi 

Kentucky :  Miller,  727. 
Gebo  member,  Cretaceous,  Wyoming:  Bcf* 

ler,  1189. 
Qebo     sandstone,     Cretaceona^     Wyofldnf: 

Ziegler,  1190. 
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Gllboy  sandstone,  Pennsylvanlan,  West 
Virginia :  Hennen,  451. 

Olrard  shale,  Devonian,  Pennsylvania :  Ver- 
wlebe,   1067. 

Glassboro  pbasc,  Quaternary,  New  Jersey: 
Salisbury  and  Knapp,  800. 

Glen  Dean  (Sloans  Valley)  substage,  Mls- 
sissipplan,  Kentucky  :  Miller.  727. 

Glendon  limestone  member,  Ollgocene,  Ala- 
bama :  Hopkins,  488. 

Glen  Rose  limestone,  Texas :  Shuler,  944. 

Glens  Falls  formation,  Ordoviclan,  New 
York:  Raymond.  833. 

Gloucester  formation,  OrdOTldan,  Ontario : 
Raymond,  833. 

Golconda  formation,  Mississipplan,  Illinois : 
St.  Clair,  886. 

Golconda  substage,  Mississipplan,  Ken- 
tucky :  Miller,  727. 

Gonic  formation.  Carboniferous,  Maine  and 
New  Hampshire :  Katz,  546. 

Goodridge  formation,  Pennsylvanlan,  Utah : 
Gregory,  402. 

Gordon  formation,  Cambrian,  Montana : 
Walcott,  1079. 

Gordon  shale,  Cambrian,  Montana :  Wal- 
cott, 1078. 

Goshen  schist,  Ordovleian  (7),  Virginia, 
North  Carolina:  I^ney,  608. 

Goshen  schist,  Silurian  (?),  Massachusetts: 
Emerson,  321. 

Gosport  sand.  Eocene,  Alabama :  Hopkins, 
488. 

Gowganda  formation,  pre-Cambrian^  On- 
tario :  Collins,  224 ;  Qulrke,  827. 

Grafton  sandstone,  Pennsylvanian,  West 
Virginia:  Hennen,  451. 

Granby  tuff.  Trlassic,  Massachusetts:  Elm- 
erson,  321. 

Grand  Falls  chert,  Mississipplan,  Missouri : 
Buehler,  137. 

Grand  Rapids  formation,  Cretaceous,  Al- 
berta :  McLearn,  676. 

Greendale  substage.  Ordoviclan,  Kentucky: 
MUler,  727. 

Greer  formation,  Permian,  Texas :  Wrather, 
1174. 

Grenville  formation,  pre-Cambrian,  Quebec: 
Dresser,  298. 

Grenville  series,  pre-Cambrlan,  New  York : 
Cushlng.  245  ;  Miller.  733  ;  Newland,  753. 

9renville  series.  pre-Cambrian,  Quebec : 
Wilson,  1153,  1154. 

Greylock  schist.  Ordoviclan,  Massachusetts : 
Emerson,  321. 

Grosse  Isle  moraine.  Quaternary,  Micblgan : 
Sberzer,  917. 

Gulf  series.  Cretaceous,  Texas :  Matson  and 
Hopkins,  697. 

Gulf  series  (Upper  Cretaceous),  Louisiana: 
Matson  and  Hopkins,  696. 

Gunflint  formation,  pre-Cambrlan,  Minne- 
sota :  Broderick,  119. 

Gym  limestone.  Carboniferous.  New  Mexico : 
Darton,  257. 

Hall  series,  Trlassic  (  T) ,  British  Columbia : 
Drysdale.  302. 
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Hampden  diabase,  Trlassic  (or  later), 
Massachusetts :  Emerson,  321. 

ECardlnsburg  formation,  MisslaslpplAn, 
Illinois :  St.  Clair,  886. 

Hardinsburg  substage,  Mississipplan,  Ken- 
tucky :  Miller,  727. 

Hardwick  granite.  Carboniferous  (or  later), 
Massachusetts :  Emerson,  321. 

Hardyston  quartsite,  Cambrian,  Pennsylva- 
nia :  Miller.  728. 

Harrodsburg  substage,  Mississipplan,  Ken- 
tucky :  Miller,  727. 

Haslam  formation.  Cretaceous,  Britiah  Co- 
lumbia: (Happ,  193. 

Hasmark  formation,  Cambrian,  Montana : 
Pardee,  780. 

Hatchetigbee  formation,  Eocene,  Alabama : 
Hopkins,  488. 

Hattlesburg  clay,  Ollgocene,  Louisiana: 
Matson,  695. 

Hawley  schist,  Ordoviclan,  Massachnaetts : 
Emerson,  321. 

Haydena  Peak  latite,  Colorado:  Patton, 
787. 

Hasleton  group,  Jurassic  and  Trlassic, 
British  Columbia:  Dolmage.  292. 

Hecla  sandstone,  Pennsylvanian,  Ohio: 
Stout,  1008.     ' 

Helderberg  limestone,  Devonian,  Pennsyl- 
vania :  Reeside,  841. 

Hendricks  series,  Silurian,  Michigan: 
Smith,  967. 

Henley  member,  Mississipplan,  Ohio :  Stoat, 
1008. 

Henrietta  formation.  Pennsylvanian,  Mis- 
souri :  Hinds  and  Greene,  471. 

Hermitage  formation.  Ordoviclan,  Ken- 
tucky :  Raymond,  838. 

Hermitage  formation,  Ordoviclan,  Tennes- 
see :  Raymond,  833. 

Hermitage  substage,  Ordovidan,  Kentucky : 
Miller,  727. 

Heuvelton  sandstone.  Cambrian  (Osarklan), 
New  York :  Cushlng,  245. 

Highbridge  limestone,  Ordoviclan,  Ken- 
tucky: Shaw,  932. 

Highbridge  stage,  Ordovidan,  Kentucky: 
Miller,  727. 

Hinsdale  gneiss,  Archean,  Massachnaetts : 
Emerson,  821  < 

Holtsdaw  substage,  Mississipplan,  Ken- 
tucky: Miller,  727. 

Holyoke  diabase,  Trlassic  (or  later),  Massa- 
chusetts :  Emerson,  321. 

Homewood  sandstone,  Pennsylvanian,  Ohio : 
Stout,  1008. 

Homewood  sandstone,  Pennsylvanian,  West 
Virginia :  Hennen,  451. 

Homewood  substage,  Pennsylvanian,  Ken- 
tucky:  Miller,  727. 

Hoopin  slate,  Cumbrian,  Massachusetts : 
Emerson.  321. 

Hoosac*  schist.  Ordovidan,  Massachusetts : 
Emerson.  321. 

Horsethlef  sandstone.  Cretaceous,  Montana : 
Stebinger,  984. 


146  BIBUOGBAPHT  OF  NORTH  AMEUCAN  GEOLOGY,  191T. 


HnbterdiitM  icrsBltt.  CtrboalteoM, 

ehii»i»ttB:  Bmenon,  821. 
Hqll  fomnAtloii,  OrdOTlcUui,  Onttrlo:  Bay- 

moiid.  8SS. 
Huron  shal**  Deronlan,  Ohio:  Rogers,  876w 
Huron  ibalot.  OeTonlan,  Ohio:   Verwlcbe. 

loer. 

H700  qoarts  porphyrj,  OrdorlcUn  (?),  Vir- 
ginia, North  Carolina :  Lanejt  60S. 

latan  limestone  member,  Pennaylvanlan, 
Mlnonrl  and  Kansas :  Hinds  and  Greena, 
471. 

latan  (Klekapoo)  limestone,  Pennsjlvanlan, 
Kansas:  Twenhofel,  1044. 

Idaho  beds,  Pliocene,  Idaho :  Merrlam,  71S. 

Idaho  Springs  formation,  pre-Cambrlan, 
Colorado :  Bastin  and  Hill,  68. 

no  formation,  Cretaoeoos,  Wjomlng:  Sleg- 
l«r,  IIM. 

Indian   Fields  stage,   SUnrlan,  Kentockj: 

llUlsr,  727. 
lola   limestone,   PennsylTsnlaii,    Hlssonrl: 

Hinds  and  Greene,  471. 
lowan  drift.  Pleistocene,  Iowa:  Alden  and 

Lslghton,  10. 
Irasbnrg    conglomerate,    Ordo^tean,    Ter- 

mont :  Richardson,  808. 

Irene  conglomerate,  Cambrian,  British  Co- 
IvmUa:  Drjsdale,  808. 

Iron  formation,  pre-Cambrlan,  Ontario: 
Parsons,  784. 

Jackfork  sandstone,  Carbonlferons,  Arkan- 
sas: Miser,  787. 

Jackson  formation.  Eocene,  Alabama: 
Hopkins,  488. 

Jackson  formation.  Eocene,  Louisiana: 
Matson,  606. 

Jacksonbarg  limestone,  OrdoTlcian,  Penn- 
sylTsnU:  Miller,  728. 

Jane  Lew  saodBtone,  Pennsylranlan,  West 
Virginia :  Hennen,  461. 

Jefferson  dolomite,  Deyonlan,  Montana, 
Utah,  and  Wyoming:  Tomlinson,  1027. 

Jefferson  limestone,  Deyonlan,  Montana: 
Pardee,  780. 

Jefferson  City  dolomite,  Ordorlclan,  Mis- 
souri :  Buehler,  137. 

Jeffersonville  snbstage,  Devonian,  Ken- 
tucky: Miller,  727. 

Jelm  formation,  Trlassic,  Wyoming :  Knight, 
689. 

Jewell  phyllite,  Carboniferous,  Maine :  Katz, 
646. 

Joana  limestone,  Mississippian,  Nevada : 
Bpencer,  976. 

Judith  River  formation.  Cretaceous,  Mon- 
tana:  Collier,  228;  Hares,  424;  Thorn, 
1020. 

Kaibab  limestone,  Pennsylvanian,  Arizona, 
Utah:  Gregory,  402. 

Kanawha  black  flint.  Pennsylvanian,  West 
Virginia :  Hennen,451. 

Kanawha  group,  Pennsylvanian,  West  Vir- 
ginia :  Hennen,  451. 

Kansas  City  formation,  Pennsylvanian,  Mis- 
souri :  Hinds  and  Greene,  471. 


KaskasUa  (Chaster)   serlaa,  Mliriwrfpphi, 

Kentucky :  Miller,  727. 
Kenwood     snhstafQ,     MlaHaalpplaa,    Ka- 

tucky :  Miller.  727. 
Keokuk   limestone,  Mlaslaalpplan,   Illlaoli: 

Hinds,  469,  470. 
Keyser  limestone  member.  Devonian,  Pms* 

sylyania :  Reeslde,  841. 
Klmmswlck  limestone,  OrdoTidan,  lUlnoli 

and  Missouri :  Baymond,  883. 
Klngsdown    marla,    Qnatemary,    Kansu: 

Hay,  484. 
Klttannlng  sandstone,  PenoaylTaalan,  West 

Virginia :  Hennen,  461. 
Klttery  quartslte.  Carboniferous,  Maine  asd 

New  Hampshire :  Kats.  646. 
Knapp  formation,  Devonian,  Pannsylfaola: 

Verwlebe,  1067. 
Knife  Laka  formation,  pra-CambrlaB.  Oa* 

tarlo:  Parsons,  784. 
Knife   Lake   slates,   pre-CamhrUBt   Mlsas* 

sota:  BrodeHck,  110. 
KnozTllle   formation.   Cretaceous,   Csllfiv- 

nla :  Clark,  197. 
Kona     dolomite,     Algonklaa,     Michlgss; 

Smith,  967. 
Kootenai  formation.  Cretaceous,  Mentast: 

Pardee,  780 ;  SteMnger,  984. 
Kootenai  (7)   formation.  Cretaceous,  Mod- 

tana :  ColUer,  228. 
Kootenay    formation.    Cretaceous,    Brlttih 

Columbia :  Rose,  880. 
Ls   BIche  formation.  Cretaceous,  Alberts: 

McLeam,  676. 
Lafayette    snbstage.    Pliocene,    Kentucky: 

Miller.  727. 
LaGrange     substage.     Eocene,     Kentucky: 

Miller,  727. 
Lake    Louisa    shale,    Cambrian,    Alberta: 

Walcott,  1078. 
Laketown  dolomite,  Silurian  and  Devoniaa, 

Utah :  Tomlinson,  1027. 
Lske  Trammel  sandstone,  Permian,  Tezu: 

Wrather,  1174. 
Lake  Valley  limestone,  Mississippian,  New 

Mexico :  Darton,  267,  268. 
LaMotte    sandstone,    Cambrian,    Mlssoarl: 

Buehler,  137. 
Lance  formation.  Tertiary    (?),  Montana: 

Woolsey  et  al.,  1178. 
Trance  formation.  Tertiary   (T),  North  Da- 
kota :  Leonard,  633. 
Lance  formation.  Tertiary    (?),  Wyomlnf: 

Hewett  and  Lupton,  461. 
Lance    formation,    Wyoming:    Wegemann, 

1109. 
Lane    shale,    Pennsylvanian,    Kansas   and 

MiRsouri :  Hinds  and  Greene,  471. 
Lansing    formation.     Pennsylvanian,    Mil- 

souri   and   Kansas:   Hinds   and   Greene, 

471. 
La   Plata   group,   Jurassic,   Arisona,  Utah, 

and  Now  Mexico :  Gregory,  402. 
Laurel    limestone,    Silurian,   Ohio   and   In- 
diana:  Foerste.  350. 
Laurel   substage,   Silurian,  Kentucky:  Mil- 
ler, 727. 
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lAnrentlftii  gnelra,  pr«-Cambrtaii,  Qvebee: 

Dresier,  298. 
Lawrence    sbale    member,    PennsylTanian, 

Missouri  and  Kansa* :  Hinds  and  Greene, 

471. 
LAwrence  sbales,   PennsyWanian,   Kansas: 

Twenbofel,  1044. 
Ijeadvllle     limestone,     Deronian-Mississip- 

pian,  Colorado :  Crawford  and  Worcester. 

238. 
Lebo    sbale    member,    Tertiary,    Montana: 

Woolsey  9t  al,  1173. 
I«ee  quarts  dlorite,  Arcbean,  Massacbusetts : 

Ehmerson,  321. 
Leecb  Riyer  formation.  Carboniferous  (T), 

Britlsb  Columbia :  Clapp,  193. 
Lelgb   formation,   OrdoTiclan,  Utab:  Tom- 

linson,  1027. 
Ijeitbsyille     sbaly     limestone,     Cambrian, 

PennsylTsnia :  Miller,  728. 
Lennep    sandstone.    Cretaceous,    Montana: 

Tfaom,  1020. 
Leona    rbyollte.   Pliocene    (?),   California: 

Clark,  197. 
Jje    Roy    sbales,    Pennsylvanian,    Kansas: 

Twenbofel,  1044. 
Lewis  sbale,  Cretaceous,  Wyoming:  Hares, 

424. 
Lexington  limestone,  Ordovlcian,  Kentucky : 

Sbaw,  932. 
Lexington    stage,     Ordovician,    Kentucky : 

MUler,  727. 
Leyden   argiUite,    Silurian  (T),    Massacbu- 
setts :  Emerson,  321. 
Liberty    substage,    Ordoyician,    Kentucky: 

Miller,  727 
Lllley    member,    Silurian.    Obio:    Foerste, 

850. 
Linden    sbale    and    limestone,    Devonian, 

Tennessee:  Dunbar,  300. 
Liabon  formation.  Eocene,  Alabama :  Hop- 
kins, 488. 
L'Islet  formation,  Cambrian,  Quebec :  Knox, 

506. 
Lobo  formation,  Tria8slc(T),  New  Mexico: 

Darton,  257. 
Logan     formation,     Mississlpplan,     Oblo: 

Stout,  1008. 
Logan     sills,     pre-Cambrlan,     Minnesota : 

Broderick,  119. 
Long    Lake    series,    Devonian,    Mlcbigan : 

Smitb,  967. 
Longmeadow    sandstone,    Triassfc,    Massa- 
cbusetts: Emerson,  821. 
Lorctte  formation,  Ordovician,  New  York: 

Raymond,  833. 
Lorrain  qnartzite,  Cambrian,  Ontario:  Col- 
lins, 224. 
Louisville    substage,     Silurian,    Kentucky: 

Miller,  727. 
Lowville  limestone,  Ordovician,  New  York, 

Coryell,  237. 
Lueders      limestone,       Permian,       Texas: 

Wratber,  1174. 
Lulbegrud    substage,    Silurian,    Kentucky: 

Miller,  727. 


McBean     formatioo,     Tertiary,     Georgia: 

Sbearer.  936. 
McBlmo  formation,  Jurassic  (t),  New  Mez* 

ico,  Arizona,  and  Utab;  Gregory,  402. 
BCackwortb    slate.    Carboniferous,    liaine: 

Kats,  546. 
McLeansboro  formation,  Pennsylvanian,  II* 

llnois:  Cady,  151. 
McMnrray  formation,  Cretaceous,  Alberta: 

McLeam,  676. 

McNairy  sand  member.  Cretaceous,  Tennes- 
see: Wade,  1072. 

Madison  limeBtone,  Carboniferous,  Mon- 
tana: Collier,  223. 

Madison  limestone.  Carboniferous,  Wyom- 
ing :  Hewett  and  Lupton,  461. 

Madison  limestone,  Mississlpplan,  Mon- 
tana: Pardee,  780. 

Madison  limestone,  Mississlpplan,  Montana 
and  Utab :  Tomllnson,  1027. 

Magothy  formation,  Cretaceous,  Maryland: 
Miller  et  al.,  730. 

Mabonlng  sandstone,  Pennsylvania,  OUo: 
Stout,  1008. 

Mabonlng  (Middle)  sandstone,  Pennsyl- 
vanian, West  Virginia :  Henncn,  451. 

Mabonlng  (Lower)  sandstone,  Pennsyl- 
vanian, West  Virginia :  Hennen,  451. 

Mabonlng  (Upper)  sandstone,  Pennsylvan- 
ian, West  Virginia :  Hennen,  461. 

Malahat  volcanlcs,  Carbonlferous(?),  Brit- 
lsb Columbia :  (Happ,  193. 

Mammotli  Cave  series,  Mississlpplan,  Ken- 
tucky: Miller,  727. 

Mancos  sbale.  Cretaceous,  New  Mazico, 
Arizona,  and  Utah :  Gregory,  402. 

Manigotagan  granite,  pre-Cambrian.  Mani- 
toba :  Dresser,  299. 

Manlstique  series,  Silurian,  Mlcbigan: 
Smitb,  967. 

Bfannlngton  sandstone,  Permo-Carbonifer- 
ous.  West  Virginia :  Hennen,  451. 

Marlanna  limestone,  Oligocene,  Alabama: 
Hopkins,  488. 

Marlanna  limestone.  Tertiary,  Florida : 
Cooke,  232. 

Mariposa  formation,  Jurassic,  California: 
Moody,  742. 

Marlboro  formation,  Algonklan'(?),  Massa- 
cbusetts and  Rbode  Island :  Bmerson, 
321. 

Martinez  formation,  Tertiary,  California : 
Waring,  1088. 

Martlnsburg  sbale,  Ordovician,  Pennsyl- 
vania :  Raymond,  833. 

Martlnsburg  sbale,  Ordovician,  Pennsyl- 
vania: Miller,  728. 

Matawan  formation.  Cretaceous,  Maryland  : 
Miller  et  aZ.,  730. 

Mattapan  volcanic  complex.  Carboniferous, 
Massachusetts :  Emerson,  321. 

Maxfield  formation,  Cambrian,  Utah :  Tom- 
llnson, 1027. 

Maxville  limestone,  Mississlpplan,  Ohio: 
Stout,  1006. 
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MazTille(7)  llmeitoiie,  MiSBisslppian,  Ken- 
tucky: Shaw,  932. 

MayBTlUe  formation,  Ordovlcian,  Kentucky : 
Shaw,  932. 

Maywood  formation,  Silurian (?),  Montana: 
Pardee,  780. 

Mazam  shale,  Ordovician,  Arkansas: 
Miser,  787. 

Meade  gravels,  Quaternary,  Kansas :  Hay, 
434. 

Meadville  formation,  Mississippian.  Penn- 
sylvania :  Verwiebe,  1066. 

Meagher  limestone,  Cambrian,  Montana : 
Walcott,  1079. 

"Medina*'  shale,  Silurian,  Ohio:  Rogers, 
875. 

Meeteetse  formation.  Cretaceous,  Wyoming : 
Hewett  and  Lupton,  461  ;  Ziegler.  1100. 

Meeteetse  member.  Cretaceous,  Wyoming: 
Ziegler,  1189. 

Menard  formation,  Mississippian,  Illinois: 
St  Clair,  886. 

Menard  suhatage,  Mississippian,  Kentucky : 
Miller,  727. 

Mercer  (Lower)  limestone,  Pennsylvaninn, 
Ohio :  Stout,  1008. 

Mercer  (Upper)  limestone,  Pennsylvanian, 
Ohio:  Stout,  1008. 

Merkel  dolomite,  Permian,  Texas :  Wrathcr, 
1174. 

Merrimack  quartzite.  Carboniferous,  Massa- 
chusetts :  Emerson,  321. 

Mesaverde  formation.  Cretaceous,  New 
Mexico  and  Arizona :  Gregory,  402. 

Mesaverde  formation.  Cretaceous,  Wyom- 
ing: Hares,  424;  Ziegler,  1189,  1190. 

Mesaverde  formation.  Cretaceous  (?),  Wy- 
oming:  Hewett  and  Lupton,  461. 

Metchosin  volcanlcs.  Eocene,  British  Co- 
lumbia :  Clapp,  193. 

Mlddlefleld  granite,  Carboniferous  (or 
later),  Massachusetts:  Emerson,  H21. 

Midway  formation,  Eocene,  Louisiana : 
Matson,  695. 

Midway  formation.  Eocene,  Louisiana : 
Matson  and  Hopkins,  696. 

Midway  formation.  Tertiary,  Georgia : 
Shearer,  936. 

Midway  formation.  Tertiary,  Texas :  Mat- 
son  and  Hopkins,  697. 

Midway  formation.  Tertiary  (Eocene), 
Texas  :  Hopkins,  48G. 

Mllford  granite.  Devonian  (?),  Massachu- 
setts :   Emerson,  321. 

Milk  River  sandstone,  Cretaceous,  Albortn  : 
Dowling,  296. 

Million  substage.  Ordovlcian,  Kentucky : 
Miller.  727. 

Mlssissagi  quartzite,  pre-Cambrian,  On- 
tario:   Qnlrke.  827. 

Missouri  Mountain  slatr,  Silurian,  Arkan- 
sas :  Miser,  737. 

Moccasin  limestone,  Ordovlcian,  Virginia : 
Raymond.  833. 

MoenkopI  formation,  Carboniferous  (Per- 
mian?), Arizona  and  Utah:  Gregory, 
402. 


Monmouth    formation.    Cretaceous,    Xaiy- 

land :  Miller  et  al»  730. 
Monon^hela   series,   PennsylTanlaa,  West 

Virginia:  Hennen,  451. 
Monroe  formation,  Silurian,  Ohio :  Rogers, 

875. 
Monroe  group,  Silurian,  Michigan :  Shener, 

917. 
Monroe  (Lower)  series,  Silurian,  Mictdgsn: 

Smith,  967. 
Monson     granodiorite.     Carboniferous    (or 

later),  Massachusetts:  Emerson,  321. 
Montana     group.     Cretaceous,      Montana: 

Steblnger.  984. 

Monterey    formation,    Miocene,    Californit: 

Smith,  962. 
Monterey    shale,     Cretaceous,     California: 

Hawley,  431. 
Montoya  limestone,  Ordovlcian,  New  Mex- 
ico:  Darton,  257,  258. 
Mooreville    tongue    of    Selma    chalk.   Ci«- 

taceous,  Mississippi :  Stephenson,  989. 
Morgantown      sandstone,       Pennsylvanian, 

West  Virginia :  Hennen,  451. 
Morrison  formation.  Cretaceous :  Gchucliert 

912. 
Morrison  formation.  Cretaceous,  Colorado: 

Jjee,  625. 

Morrison  formation,  Oetaceous,  Wyoming: 
Zioglor,  1189,  1190. 

Morrison  formation.  Cretaceous  (?) ,  Wyo- 
ming :  Hewett  and  Lupton,  461. 

Morse  Creek  limestone,  Devonian,  New 
York  :  Grabau,  393. 

Mount  Auburn  substage,  Ordovician,  Ken- 
tucky.   Miller,    727. 

Mount  Clemens  moraine,  Quaternary,  Mich- 
igan :  Sherzer,  917. 

Mount  Hope  substage,  Ordovician,  Ken- 
tucky :   Miller,   727. 

Mount  Roberts  formation,  Carbonlferooi, 
British  Columbia  :  Bruce,  182. 

Mount  Selnian  formation.  Tertiary  (Eo- 
cene), Texas:   Hopkins,  486. 

Mount  Toby  conglomerate,  Triasslc,  Massa- 
chusetts :  Emerson,  321. 

Mount  Whyte  formation.  Cambrian,  British 
Columbia :  Walcott,  1079. 

Mount  Whyte  formation,  Cambrian,  British 
Columbia  and  Alberta  :  Walcott.  1080. 

Mowry  formation,  Cretaceous,  Wyoming: 
Ziegler,  1189. 

Mowry  shale,  Cretaceous,  Montana :  Col- 
lier, 223. 

Mowry  shale.  Cretaceous,  Wyoming :  Harei, 
424  :  Ziegler,  1190. 

M«)wry  shale,  Cretaceous  ( ?),  Wyoming: 
Ilowctt  and  Lupton,  461. 

Viurfreoshoro  stage,  Miocene,  Virginia  and 
North  Carolina  :  Olsson,  764. 

Nacatoch  sand.  Cretaceous,  Louisiana  :  Mat- 
son  and  Hopkins,  696. 

Nanaimo  series.  Cretaceous,  British  Colum- 
bia :  Clapp,  193. 

Navajo  sandstone,  Jurassic,  New  Mexico, 
Arizona,  Utah :  Gregory,  402. 
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KaTmiTO  formatloii,  Cretaceoni,  Texas : 
Hopkins,  486;  Matson  and  HopkioB,  697. 

Nasareth  cement  limestone,  Ordoyidan, 
Pennsylvania :  Miller,  728. 

Kelson  granodiorite,  Jurassic,  British  Co- 
lumbla:  Bruce,  132. 

Nenana  gravel.  Tertiary  (?),  Alaska :  Capps, 
174. 

Nevada  limestone,  Devonian,  Nevada : 
Spencer,  075. 

Newark  group*  Triassic,  ICassacbusetts : 
Bmerson,  821. 

Newark  sandstone,  Triassic,  Virginia: 
lianey,  608. 

Newbury  volcanic  complex,  Silurian  or  De- 
vonian, Massachusetts :  Bmerson,  821. 

Newboryport  quarts  dlorite,  Detonian(?), 
Massachusetts :  Bmerson,  821. 

NewingtOB  moraine,  Pleistocene,  Maine. 
New  Hampshire,  and  Massachusetts: 
B:ats  and  Keith,  547. 

Newman  series,  Mississippian,  Kentucky: 
Miller,  727. 

New  Providence  substage,  Mississippian, 
Kentucky :  MiUer,  727. 

New  Salem  aplite.  Carboniferous  (or  later), 
MaanchuMtts :  Emerson,  821. 

New  Scotland  limestone,  Devonian,  Penn- 
sylvania: Reeside,  841. 

Niagara  limestone,  Silurian,  Michigan: 
Smith,  967. 

Niagara  limestone,  Silurian,  Ohio :  Rogers. 
875. 

Niobrara  formation,  Cretaceous,  North  Da- 
kota :  Leonard,  638. 

Niobrara  shale.  Cretaceous,  Wyoming: 
Hares,  424. 

NIsconlith  series,  pre-Cambrian,  British  Co- 
lumbia: Drysdale,  803. 

Normansklll  shale,  Ordovidan,  New  York: 
Raymond,  833. 

Northbridge  granite  gneiss,  Archean,  Mas- 
sachusetts :  Emerson,  821. 

Northumberland  formation.  Cretaceous, 
British  Columbia :  Clapp.  198. 

Oakland  conglomerate.  Cretaceous,  Califor- 
nia: Clark,  197. 

Oakdale  quartzite.  Carboniferous,  Massa- 
chusetts: Bmerson,  321. 

O-atka  beds,  Silurian,  New  York:  Chad- 
wick,  183. 

Oeala  limestone,  Eocene,  Florida:  Cooke, 
232. 

Ocala  limestone.  Tertiary,  Georgia: 
Shearer,  936. 

Ogden  quartzite,  Ordovician,  Utah :  Tomlin- 
son,  1027. 

Ogdensburg  formation,  Ordovician,  New 
York,  Cushing,  245. 

Ogishke  conglomerate,  pre-Cambrian,  Min- 
nesota: Broderick,  119. 

0*Hara  substage,  Mississippian,  Kentucky : 
MUler,  727. 

Ohio  formation,  Devonian,  Ohio :  Stout, 
1008. 

Ohio  shale,  Devonian,  Kentucky:  Shaw, 
932. 


Ohio  shale,  Devonian,  Ohio :  Verwiebe,  1067. 

Ohio  shale  group,  Devonian,  Ohio :  Rogers, 
876. 

Ohio  substage,  Devonian,  Kentucky:  Mil- 
ler, 727. 

Oktibbeha  tongue  of  Selma  ehalk.  Cre- 
taceous, Mississippi :  Stephenson,  989. 

Oldham  substage,  Silurian,  Kentucky :  Mil- 
ler, 727. 

Olentangy  shale,  Devonian,  Ohio :  Grabau 
393 ;  Verwiebe,  1067. 

Olentangy  (T)  shale,  Devonian,  Otdo: 
Rogers,  876. 

Olmstead  shales,  Devonian,  Ohio :  Verwiebe^ 
1067. 

Orangeville  formation,  Mississippian,  Penn- 
sylvania: Verwiebe,  1066. 

Oread  limestone  member,  Pennsylvmnlan, 
Missouri  and  Kansas :  Hinds  and  Greene, 
471. 

Oregon  substage,  Ordovician,  Kentucky: 
Miller,  727. 

Orlando  limestone,  Peansylvanian,  West 
Virginia :  Hennen,  451. 

Osgood  formation,  Silurian,  Ohio  and  In* 
diana:  Foerste,  850. 

Osgood  stage,  Silurian,  Kentucky:  Miller, 

727. 

« 

Ottosee  formation,  Ordovician,  Tennessee 
and  Virginia :  Raymond,  833. 

Owl  Creek  horizon,  Cretaceous,  Tennessee: 
Wade,  1072. 

Oxford  schist.  Carboniferous,  Massachu- 
setts :  Emerson,  821. 

Pakowki  shales.  Cretaceous,  Alberta :  Dowl- 
ing,  296. 

Palestine  formation,  Mississippian,  Illinois : 
St  Clair,  886. 

Palestine  substage,  Mississippian,  Ken- 
tucky :  Miller.  727. 

Pamunkey  group,  Tertiary  (Eocene),  Mary- 
land :  Miller  et  al.,  730. 

Park  shale,  Cambrian,  Montana :  T^lcott, 
1079. 

Parkman  sandstone  member  of  Claggett 
shale.  Cretaceous,  Wyoming:  Hares,  424. 

Pascagoula  clay,  Miocene,  Louisiana :  Mat- 
son,  695. 

Paso  Robles  formation,  California :  Haw- 
ley,  431. 

PatapBco  formation.  Cretaceous,  Maryland: 
Miller  et  ol.,  730. 

Patuxent  formation.  Cretaceous,  Maryland : 
Miller  et  al.,  730. 

Paxton  quartz  schist.  Carboniferous,  Mas- 
sachusetts: Emerson,  321. 

Pearlette  ash  bed.  Quaternary,  Kansas: 
Hay.  434. 

Peerless    sandstone,    Pennsylvanian,    West 

Virginia :  Hennen,  451. 
Pelham  granite.  Carboniferous   (or  later)^ 

Massachusetts :  Emerson,  321. 
Pelican     sandstone,     Oetaceous,     Alberta: 

McLearn,  676. 
Pelican    shale.    Cretaceous,    Alberta:    Me- 

Learn,  676. 
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Fmd-d'Ortllle  groap.  poit-Cambrlan,  Brit- 

i^  Colamtla:  Dryidale,  802. 
Pnmliiftoii  ftAgSt  Mlirttilpplan,  Kentackjr: 

MOltt,  7S7. 
Fenniikeii    tomuitloii,    Qaatenuiry,    New 

Jersey:  Sallelmry  and  Knapp,  890. 
Perehft  shale.  DeTonlan,  New  Mexico:  Dar- 

ton.  257,  258. 
PirrTiTlUe    formation,    OrdoTlcian,    Ken 

tnelqr:  Raymond.  888. 
PerryTille  tntetage,  OrdoTlcian,  Kentucky : 

miler,  727. 
Phoapboria  formation,  Permian   (?),  Mon- 
tana :  Pardee,  780. 
Plcton     formation,     Ordoridan,     Ontario: 

Baymond,  888. 
Pierre   abale,   Cretaoeona,   North   Dakota 

Leonard,  888. 
PUfrim    llBMStone,    Gambrian,    Montana: 

Waloott.  1070. 
Pilot  shale,  MiadssipplaB,  Nevada:  I^Mn- 

osr,  975. 
Pine  Creek  limestone,  PennsylTanlan,  West 

Virginia :  Hennen,  451. 
Plscataway    member.    Tertiary    (Boeene), 

Maryland :  MiUer  €$  at,  780. 
Plttsbnrgh  red  shale,  Pennsylvanlan,  West 

Virflnia :  Hennen,  451. 
Pittsburgh     (Lower)     sandstone,    Pennsyl- 
Tanlan, West  Virginia :  Hennen,  451. 
Plattsburg  limestone,  Pennsylyanian,  Kan 

sas  and  BiissonH :  Hinds  And  Greene,  471. 
Pleasanton  formation,  PennsylTanlan,  Mis 

soori :  Hinds  and  Greene,  471. 
Plum  Creek  shales,  DoTonian,  Ohio:  Gra- 

ban,  393. 
Plum  Creek  subttage,  Silurian,  Kentucky: 

Miller.  727. 
Plum   Point   member,   Tertiary    (Miocene), 

Maryland :  Miller  et  ol.,  730. 
Pogonip    limestone,    Ordoviclan,     Nevada : 

Spencer,  975. 
Point  Pleasant  substage,  Ordovidan,  Ken- 
tucky: Miller,  727. 
Polk    Oeek   shale.    OrdoTlclan.    Arkansas : 

Miser.  787. 
PondTllle  conglomerate.  Carboniferous,  Mas- 
sachusetts and  Rhode  Island :  Emerson, 

821. 
Porters  Creek  substage.  Eocene,  Kentucky : 

Miller.  727. 
Portsmouth   member,   Misslsslppian,    Ohio : 

Stout,  1008. 
Potomac     group,     Cretaceous,     Maryland : 

Miller  et  al.,  780. 
Pvtosl     formation,     Cambrian,     Missouri : 

Buehler,  137. 
Pctsdam  sandstone,  Cambrian,  New  York : 

Newland,  753. 
Potsdam  sandstone,  Cambrian   (Ozarkian). 

New  York :  Cushlng.  245. 
Pottsvllle    formation,    Ponnsylvanian.    Illl 

nols :   Cady.   161 ;   Hinds,   460.   470 ;   St. 

Clair.  886. 
PottSTlUe  formation,  Pennsylvanian,  Ken- 
tacky:  Shaw,  982. 


PottSTllla  fomatioB,  PeimaylTaiilaB,  Oilst 

Btont,  1008. 
Pottsrllle    awlea,    GarbonUtooui,    nUMli: 

Brokaw,  121. 
PottSTlUe  series,  PennaylTsnlaii,  West  Vl^ 

ginia:  Hennen.  451. 
Prairie  Bluff  tongue  of  SclOBm  chalk.  Ci» 

taceous,  Mississippi :  Btepbenson,  989 
Prairie   dn   Chlen    formatioB,    OrdoTldaa, 

Wlsconaln :  Trowbridge,  1081. 
Prescott  diorite,  Garlx>nlferoQs,  Massarhi- 

■etts:  Bmerson,  821. 
Priest  RlTcr  terrane,  Beltlan,  Britidi  Ci 

lumbla:  Drysdale,  808. 
Pressor  limestene,  OrdoTleUn,  MlniMMta: 

Raymond,  888. 
Protection'   formation,   Crtttaceoiu,   Brtti* 

Columbia :  Clai9,  198. 
Provt  aerisa,  DeTO&lan,  OUo ;  Grateo,  811. 
Ptarmigvi    formation,    Cambrtaa,    Brittt 

Colombia:  Walcott.  1078»  107». 
Pnroall  aeriea,  pre-Cambrlan,   Bridsk  Oi 

kunhla:  Drysdate,  808. 
Pnrgatory     eongtooMrate,     GuboBlfweai^ 

Rhode  Island :  Emerson,  821. 
Pnyallup  days,  sands,  and  graTda,  PMsts 

cene,  British  Colombia :  Clapp,  198. 

QuablB  qnartslte,  CarbonlfOrona,  Hfsfsftrr- 

netts:  Bmerson,  821. 
Qoadrant(?)    quartsite,   PeniiaylTanian(?), 

Montana :  Pardee,  780. 
Quartermaster  formation,  Permian,  Tens: 

Wrather,  1174. 
Qulncy   granite,    Carbonlferooa,   Masssrhi> 

setta:  Emerson.  821. 
Racoon  substage,  Misslsslppian,  Kentucky 

Miller,  727. 
Raisin  River  dolomite,  Silurian,  Mlchigss 

Smith,  967. 
Randvllle   dolomite,   Algonkian,   MIrHip" 

Smith,  967. 
Raritan  formation,  Cretaceooa,  Maryland 

Miller  et  al,  730. 
Rattlesnake   formation.    Pliocene,   Oregoa 

Merriam,  718. 
Red  Bluff  clay,  Ollgocene,  Alabama:  Hop- 
kins. 488. 
Red  Lion  formation,  Cambrian,  Montana: 

Pardee,  780. 
Redoak    granite.    North    Carolina:    Laney. 

608. 
Redstone    limestone,    PennsylTanlan.    Wot 

Virginia  :  Hennen.  461. 
Renault  formation,  Misslsslppian,  Illinolf: 

St.  Clair.  886. 
Rhode     Island     formation.     Carboniferous. 

Massachusetts  and  Rhode  laland :  Eme^ 

son,  321. 
Ricardo    formation,    Pliocene,    Callfomls: 

Merriam,  713. 
Rice  Lake  series,  pre-(^mbrian,  Manltolia: 

Dresser,  200. 
RIceyille   shales.    Devonian,   PennsylTsnia : 

Verwlebe,  1067. 
Richmond.  Ordovician,  Montana,  Utah,  and 

Wyoming:  Tomlinson,  1027. 
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Richmond  .  formatloD,  Ordovlclaii,  Ken- 
tucky :  Shaw,  932. 

Ridi^etop  thale,  MlssiBsipplan,  Tennessee: 
Dunbar,  306. 

Rlndgemere  formation,  Carboniferous, 
Maine  and  New  Hampshire :  Katz,  646. 

Ringold  formation.  Pleistocene,  Washing- 
ton :  Merrlam  and  Buwalda,  714. 

Ripley  formation,  Cretaceous,  Georgia : 
Eniearer,  936. 

Ripley  formation,  Cretaceons,  Bflsslssippl : 
Stephenson,  989. 

Ripley  formation,  Cretaceous,  Tennessee: 
Wade,  1072. 

Ripley  substage,  Cretaceous,  Kentucky : 
BliUer.  727. 

Roan  gneiss,  Archean,  North  Carolina, 
South  Carolina :  Keith  and  Sterrett,  558. 

Roaring  Creek  sandstone,  Pennsylvanlan, 
West  Virginia :  Hennen,  451. 

Roberval  formation,  pre-Cambrian,  Quebec: 
Dresser,  298. 

Rockcastle  substage,  Pennsylvanlan,  Ken- 
tucky :  Miller,  727. 

Rockland  formation,  OrdoTician,  Ontario: 
Raymond,  833. 

Rosewood  substage,  IClssisslppian,  Ken- 
tucky:  MUler,  727. 

Rosiclare  substage,  Iftississlppian,  Ken- 
tucky :  Miller,  727. 

Ross  Lake  shale  member,  Cambrian,  British 
Columbia :  Walcott,  1078,  1079. 

Roubldoux  formation,  Cambrian,  Missouri: 
Buehler,  137. 

Roto  slate,  prM^ambrian,  Minnesota: 
Broderick,  119. 

Rowe,  schist,  OrdoTidan,  Massachusetts: 
Bmerson,  321. 

Roxbury  conglomerate.  Carboniferous,  Mas- 
sachusetts :  Emerson,  821. 

Royalton  formation,  Mlsslsslpplan,  Ohio: 
Verwiebe,  1066. 

Rustier  formation,  Permian  (7),  Texas: 
Porch,  811. 

Saanlch  granodlorlte,  Jurassic,  British  Co- 
lumbia:  Clapp,  193. 

Saddleback  series,  pre-Cambrian,  British 
Columbia :  Drysdale,  303. 

Saguenay  formation,  pre-Cambrlan,  Que- 
bec: Dresser,  298. 

Ste.  Geneylere,  Mlsslsslpplan,  Illinois :  St. 
Clair,  886. 

Ste.  Geneyieye  stage,  Mlsslsslpplan,  Ken- 
tucky :  Miller,  727. 

St.  Louis  formation,  Mlsslsslpplan,  Illinois: 
St  Clair,  886. 

St.  Louis  limestone,  Mlsslsslpplan,  Illinois : 
Hinds,  469.  470. 

St  Mary  Rlyer  formation,  Tertiary  (?), 
Montana:  Steblnger,  984. 

8t  Mary's  stage,  Biiocene,  Maryland :  01s- 
•on,  764. 

St.  Maurice  formation,  Bocene,  Louisiana : 
Matson,  695. 

St   Peter   formation,    Ordovidan,   Wlscon- 

,   tin :  Trowbridge,  1081. 


St.  Peter  sandstone,  Ordoylclan,  Kentucky : 
Shaw,  932. 

St  Plran  formation,  Cambrian,  British  Co- 
lumbia:  Walcott,  1079. 

Salamanca  conglomerate,  Devonian,  Penn- 
sylvania :  Verwiebe,  1067. 

Salem  gabbro-dlorlte,  Devonian  (7),  Massa- 
chusetts :  Bmerson,  321. 

Salina  formation,  Silurian,  Michigan: 
Sherzer,  917. 

Salina  formation,  Silurian,  Ohio:  Rogers, 
876. 

Salmon  River  monzonlte  stock.  Tertiary, 
British  Columbia:  Drysdale,  302. 

Saltsburg  sandstone,  Pennsylvanlan,  West 
Virginia :  Hennen,  461. 

Saluda  substage,  Ordovidan,  Kentucky: 
Miller,  727. 

Santa  Lucia  formation,  California:  Smith, 
962. 

Santa  Margarita ( 7)  formation,  California: 
Gester,  372. 

Santa  Margarita  formation,  California: 
Hawley,  431. 

Santa  Margarita  formation,  Miocene,  Cali- 
fornia :  Nomland,  759 :  Smith,  962. 

Sarten  sandstone.  Cretaceous,  New  Mexico : 
Darton,  257. 

Satsop  formation.  Quaternary,  Oregon  and 
Washington :  Brets,  115. 

Ssunders  formation,  Algonklan,  Michigan: 
Smith,  967. 

Savoy  schist,  Ordoviclan,  Massachusetts: 
Bmerson,  321. 

Sa watch  quartzite,  Cambrian,  Colorad<^: 
Crawford  and  Worcester,  238. 

Scajaquada  shales,  Silurian,  New  York: 
Chadwlck,  183. 

Scarboro  phylllte.  Carboniferous,  Maine: 
Katz,  546. 

Schenectady  formation.  New  York:  Ray- 
mond, 883. 

Sciotovllle  member,  Pennsylvanlan,  Ohio: 
Stout,  1008. 

Sellersburg  substage,  Devonian,  Kentucky: 
Miller.  727. 

Selma  chalk.  Cretaceous,  Mississippi:  Ste- 
phenson, 989. 

Selma  formation.  Cretaceous,  Alabama  and 
Tennessee:  Berry,  67. 

Serpent  quartzite,  pre-Cambrlan,  Ontario: 
Qulrke,  827. 

Setters  quartzite,  Cambrian (7),  Maryland: 
Miller  et  al.,  730. 

Sevier  shale,  Ordoviclan,  Virginia :  Ray- 
mond, 833. 

Sewickley  limestone,  Pennsylvanlan,  West 
Virginia  :  Hennen,  451. 

Sewickley  (Lower)  sandstone,  Pennsyl- 
vanlan, West  Virginia  :  Hennen,  451. 

Sewickley  (Upper)  sandstone,  Pennsyl- 
vanlan, West  Virginia :  Hennen,  451. 

Shannon  sandstone,  Cretaceous,  Wyoming: 
Hares,  424. 

Sharon  congIomerata»  Pennsylvanlan,  Ohio ; 
Stoat,  100& 
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Sharon  conglomerate,  Pennsylvanlan,  Penn- 
sylvania :  Verwlebe,  1066. 

Sharpsrille  formation,  Misslssipplan,  Penn- 
Bylvania :  Verwiebe,  1066. 

Sbawangunk  conglomerate,  Silurian,  Penn- 
sylvania :  Miller,  728. 

Shawnee  formation,  Pennsylvanlan,  Mis- 
souri :  Hinds  and  Greene,  471. 

Shelburne  Falls  bathoUtb,  Carboniferous 
(or  later),  Massachusetts:  Emerson,  321. 

Shenango  sandstone,  Mlssisslpplan,  Penn- 
sylvania: Verwiebe,  1066. 

Shenango  shale,  Mississippian,  Pennsyl- 
vania :  Verwiebe,  1066. 

Sheppard  granite.  Tertiary,  British  Colum- 
bia: Bruce,  182. 

Shinarump  conglomerate,  Triasslc,  Arizona 
and  Utah :  Gregory,  402. 

Shoshoni  formation,  Cambrian,  Wyoming: 
Branson,  112. 

Sicker  series,  Jurassic,  British  Columbia: 
Cooke,  233. 

Sillery  formation,  Cambrian,  Quebec :  Knox, 
696. 

Sliver  Hill  formation,  Cambrian,  Montana: 
Pardee,  780. 

Silver  Plume  granite,  pre-Cambrian,  Colo- 
rado :  Bastin  and  Hill,  53. 

Skeena  formation,  Cretaceous,  British  Co- 
lumbia :  Dolmage,  292. 

Sloane  Valley  formation,  Mississippian,  Illi- 
nois :  St.  aalr,  886. 

Smithfleld  limestone  member,  Algonkian(l), 
Massachusetts  and  Rhode  Island  :  Emer- 
son, 321. 

Snake  River  basalt,  Tertiary,  Idaho :  Um- 
pleby,  1054. 

Sobrante  formation,  Oligocene,  California  • 
Clarke,  204. 

Sooke  formation,  Mioccne(?),  British  Co- 
lumbia :  Clapp,   103. 

Sooke  Intrusives,  Oligocene,  British  Colum- 
bia ;  Clapp,  193. 

Sophie  Mountain  conglomerate.  Tertiary, 
British  Columbia  :   Bruce,  132. 

Soudan  formation,  pre-Cambrian,  Minne- 
sota:  Broderlck,  119. 

Springfield  dolomite,  Silurian,  Ohio : 
Foerste,  350. 

Spring  Point  greenstone.  Carboniferous, 
Maine:  Katz,  546. 

Spurwink  limestone,  Carboniferous,  Maine : 
Katz,  546. 

Squam  granite.  Carboniferous,  Massachu- 
setts :   Emerson,  321. 

Squantum  tillite  member.  Carboniferous, 
Massachusetts  :   Emerson,  321. 

Stamford  granite  gneiss,  Archean,  Massa- 
chusetts :   Emerson,  321. 

Stanley  shale,  Carboniferous,  Arkansas: 
Miser,  737. 

Stanton  limestone,  Pennsylvanlan,  Kansas 
and  Missouri  :   Illnds  and  Greene,  471. 

Stanton  lImeston<'S.  Pennsylvanlan,  Kan- 
sas :  Twenhofel,  1044. 

Steele  shale,  Cretaceous,  Wyoming :  Hares, 
424. 


Sterling  granite  gneiss,  Carboniferoiu  («r 

later),  Massachusetts:  Emerson,  321. 
Stewartville  dolomite,    Ordovidaa,  Minss- 

sota :  Raymond,  838. 
Stockbridge  limestone,  Cambrian  and  Ordo- 

vician,  Massachusetts :  Bmerson,  821. 
Stones   Biver   formation,    Ordovician,  Tea* 

nessee  and  Virginia :  Raymond,  833.  i 

Straw    Hollow    diorlte.    Carboniferous   (or 

later),  Massachusetts:  Emerson,  321. 
Sugarloaf  arkose,  Triasslc,  Massachosetti: 

Emerson,  321. 
Summit  series,   Cambrian,    British  Colnm* 

bia :  Drysdale,  303. 
Summit  series,  Cambrian  or  pre-Cambriai, 

British  Columbia :  Drysdale,  302. 
Sunbury    formation,    Mississippian,   Otiio: 

Stout,  1008. 
Sunbury    shale,   Mississippian,   Ohio:  Ter 

wiebe,  1066. 
Sunbury    shale,    Mississippian,    PemuylTi- 

nia:  Verwiebe,  1066. 
Sunbury  substage,  Mississippian,  Kentucky: 

Miller,  727. 
Sundance    formation,    Jnrassic    Colortdo: 

Lee.  625. 
Sundance   formation,    Jurassic,    Wyomini: 

Hewett  and  Lupton,  461. 
Sunderland    formation,    Quaternary   (Pleis- 
tocene) ,  Maryland :  Miller  et  ai,,  730. 
Sutter     formation.     Tertiary,     California: 

Dickerson,  282. 
Sutton  formation,  Jurassic  and  Triasslc  (?), 

British  Columbia :  Clapp,  193. 
Sutton  limestone,  Pennsylvanlan,  West  ?i^ 

ginia  :  Hennen,  451. 
Swan    Peak    quartzite,    Ordovician,    Utah: 

Tomlinson.  1027. 
Sylvania     sandstone,     Silurian,     Michlgao: 

Sherzer,  917. 
Talbot     formation.     Quaternary     (Pleisto- 
cene), Maryland:  Miller  et  «l.,  730. 
Talcott  diabase,  Triasslc  (or  later),  Massa- 
chusetts :  Emerson,  321. 
Tallabatta    buhrstone,     Eocene,    Alabama: 

Hopkins,  488. 
Tar      Springs      formation,      Mississippian. 

Illinois :  St.  Clair,  886. 
Tar   Spriuf^   substage,  Mississippian,  Ken* 

tucky  :  Miller,  727. 
Tata  Una  group,  Cambrian  or  pre-Cambrian, 

Alaska  :  Mertle,  720. 
Tatalanlka      schist,      Silurian      or     Dcto- 

nian  (?),  Alaska:  Capps,  174. 
Tatin»i     Rroup,     Ordovician     (T),    Alaska: 

Capps,  174. 
Taylor    marl,    Cretaceous,    Texas :  Matsou 

and    Hopkins,    697 ;    Udden    and   Bjbee, 

1050. 
Tnzln  series,  pre-Cambrian,  Saskatchewan: 

Alcock.  9. 
Tejon      formation.      Tertiary,      California: 

Waring.  1088. 
Telllco     sandstone,     Ordovician,    Virginia: 

Raymond,  833. 
Temblor  sandstone,  Cretaceous,  Californi&: 

Hawley,  431. 
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Tensleep    sandstone,    Carboniferous,    Wyo- 
ming: Hewett  and  Lnpton,  461. 

Tfceresa  formation,   Cambrian    (Osarklan), 
New  York:  Cusbing,  245. 

Tbermopolls   sbale,   Cretaceous,   Wyoming: 
Hares,  424 ;  Zlegler,  1189,  1190. 

Tbermopolls   sbale,   Cretaceous    (?),   Wyo- 
ming: Hewett  and  Lupton,  461. 

Thousand   Creek   formation,   Pliocene,   Ne- 
vada. Merrlam,  713. 

Three  Forks  formation,  Devonian,  Montana 
and  Utah :  Tomllnson,  1027. 

Thunder  Bay  series,  Devonian,  Michigan : 
Smith,  967. 

Tiger  Creek  sandstone,  Fennsylvanian,  Ok- 
lahoma:  Fath,  888. 

Tionesta  sandstone,  Fennsylvanian,  Ohio: 
Stout,  1008. 

Todilto  formation,  Jurassic,  New  Meadco 
and  Arisona :  Gregory,  402. 

Tobachi  shale.  Tertiary,  New  Mexico  and 
Arixona :  Gregory,  402. 

Tombigbee  sand  member,  Cretaceous,  Ala- 
bama and  Tennessee:  Berry,  67. 

Tonoloway  limestone,  Devonian,  Pennsyl- 
vania :  Reeslde,  841. 

Tonzona  group,  Devonian,  Alaska:  Mertle, 
•720. 

Tonxona  group,  Silurian  or  Devonian  (?), 
Alaska :  Capps,  174. 

Towow  formation.  Carboniferous,  Maine 
and  New  Hampshire :  Katz,  646. 

Three  Forks  formation,  Devonian,  Mon- 
tana and  Utah :  Tomllnson,  1027. 

Traverse  formation,  Devonian,  Michigan : 
Sberzer.  917 :  Smith,  967. 

Trenton,  Ordovidan,  Montana,  Utah,  and 
Wyoming;  Tomllnson,  1027. 

Trenton  formation,  Ordoviclan,  New  York 
and  Ontario :  Raymond,  838. 

Trenton  limestone,  Ordoviclan,  Michigan : 
Smith,  967. 

Trenton  jimestone,  Ordoviclan,  New  York: 
Coryell,  237. 

Trenton  limestone,  Ordoviclan,  Vermont : 
Perkins,  794. 

Tribes  Hill  formation,  Ordoviclan,  New 
York:  Cushing.  246. 

Trinity  sand,  Triassic,  Texas:  Wrather, 
1174. 

Tulare  formation,  Pleistocene,  California : 
Gester,  372. 

Tupelo  tongue  of  Coffee  sand  member,  Cre- 
taceous,. Mississippi :   Stephenson,  987. 

Tuscaloosa  formation.  Cretaceous,  Alabama 
and  Tennessee :  Berry,  67. 

Tuscaloosa  formation,  Cretaceous,  Alabama. 
Mississippi,  Tennessee,  and  Kentucky : 
Wade,  1078. 

Two  Medicine  formation.  Cretaceous,  Mon- 
tana r  Stebinger,  984,  986. 

Twiggs  day  member,  Tertiary,  Georgia: 
Shearer,  936. 

Tye  formation,  Permian,  Texas:  Wrather, 
1174. 

Tyee  porphyrlte,  Jurassic,  British  Colum- 
t>ia:  Cooke,  288. 


Tyrone  substage,  Ordovidan,  Kentucky: 
Miller,  727. 

Ufflngton  sbale^  Pennsylvanian,  West  Vir- 
ginia:  Hennen,  461;  Pr4ce,  821,  822. 

Unlontown  limestone,  Pennsylvanian,  West 

Virginia :  Hennen,  451. 

Unlontown  sandstone,  Pennsylvanian,  West 
Virginia :  Hennen,  451. 

Utlca  sbale,  Ordoviclan,  New  York :  Ray- 
mond, 833. 

Utlca  shale,  Ordoviclan,  Vermont :  Perkins, 
794. 

Vancouver  group,  Triassic  and  Jurassic, 
British  Columbia:  Clapp,  193. 

Vancouver  volcanlcs,  Jurassic  and  Trias- 
sic (?),  British  Columbia:  Clapp.  193. 

Vaqueros  formation,  Miocene,  California : 
Smith,  962. 

Vashon  drift.  Pleistocene,  British  Colum- 
bia :  Clapp,  193. 

Venango  shale,  Devonian,  Pennsylvania : 
Verwiebe,  1067. 

Vergennes  sandstone  member,  Pennsylva- 
nian, Illinois:  Cady,  161. 

Vlcksburg  formation.  Tertiary,  Georgia : 
Shearer,  936. 

Vlcksburg  group,  Oligocene,  Alabama :  Hop- 
kins, 488. 

Vlcksburg  limestone,  Oligocene,  Louisiana : 

Matson,  695. 
Vilas    sbale,    Pennsylvanian,    Kansas    and 

Missouri :  Hinds  and  Greene,  471. 
Vinton  member,  Mississippian,  Ohio :  Stout, 

1008. 
Vinton  substage,  Mississippian,  Kentucky: 

Miller.  727. 

Virgelle   sandstone.    Cretaceous,   Montana  r 

Stebinger,  984. 
Vlrgllina   greenstone,   Ordoviclan,    Virginia 

and  Nortb  Carolina :  Laney,  608. 
Waco  substage,  Silurian,  Kentucky :  Miller, 

727. 

Walts  River  limestone,  Ordoviclan,  Ver- 
mont :  Richardson.  863. 

Waldron  substage,  Silurian,  Kentucky :  Mil- 
ler, 727. 

Wamsutta  formation,  Carboniferous,  Massa- 
chusetts and  Rbode  Island :  Emerson, 
321. 

Wanakah  shales,  Devonian,  New  York : 
Grabau,  393. 

Wanlpigow  series,  pre-Cambrlan,  Manitoba  : 
Dresser,  299. 

Wark  gneiss,  Jurassic,  British  Columbia: 
Clapp,  193. 

Wasatch  formation.  Tertiary  (?),  Wyom- 
ing: Hewett  and  Lupton,  461. 

Wasatch  formation,  Wyoming :  Wegemann, 
1109. 

Washington  gneiss,  Archean,  Massachu- 
setts: Emerson,  321. 

Waynesburg  sandstone,  Permo-Carbonif- 
erous,  West  Virginia :  Hennen.  451. 

Waynesville  substage,  Ordovidan,  Ken- 
tucky :  Miller,  727. 
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W««tboro  Qoartslte,  Alfonklui  (?),  llatn- 
ehnaettt  and  Rhode  ItUnd:  Emenon, 
821. 

Westbrook  grftBitt,  Maine :  Kmts,  546. 
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REUTION  OF  UNDSLIDES  AND  GLACIAL  DEPOSITS 

TO  RESERVOIR  SITES  IN  THE  SAN  JUAN 

MOUNTAINS,  COLORADO. 


By  Waulace  W.  Atwood. 


INTRODUCTION. 

With  the  increase  in  farming  on  the.  lowlands  bordering  the  San 
Juan  Mountains,  Colo.,  and  on  the  broader  valley  floors  within 
the  range,  there  has  come  a  demand  for  a  larg^  supply  of  water  to 
be  used  for  irrigation.  This  demand  has  been  particularly  urgent  on 
the  east  side  of  the  range,  among  the  farmers  and  ranchmen  of  the 
San  Luis  Valley.  Numerous  reservoirs  have  been  planned  in  which 
the  waters  from  the  melting  snows  and  the  surplus  floods  from  heavy 
rains  may  be  stored,  to  be  later  released  as  needed  during  the  grow- 
ing season. 

Most  of  the  reservoir  projects  are  associated  with  the  great  gla- 
ciated canyons  of  the  range  or  with  lake  basins  in  which  the  waters 
have  been  artificially  raised.  In  some  of  them  the  selection  of  the 
reservoir  site  has  apparently  been  determined  by  the  occurrence  of 
a  narrow  gorge  or  constricted  portion  in  the  canyon,  downstream 
from  a  broad,  open,  parklike  portion.  In  many  of  these  mountain 
valleys,  howeA'er,  the  narrow  portions  hjave  been  formed  by  the  depo* 
sition  of  large  masses  of  loose  material,  either  of  landslide  or  of 
glacial  origin,  and  such  materials  have  not  proved  to  be  watertight. 
Most  of  the  lakes  in  the  mountains  are  also  held  back  by  glacial 
or  landslide  deposits.  In  many  of  the  projects  a  perfectly  good 
watertight  dam  has  been  constructed,  but  serious  leakages  have 
occurred,  the  waters  finding  a  way  underneath  or  around  one  end, 
or  even  both  ends,,  of  the  dam.  For  these  reasons,  some  projects 
appear  to  have  been  abandoned,  and  others  are  continued  with  heavy 
expenses  for  repairs.  On  one  reservoir  large  additional  construc- 
tion has  been  undertaken  to  prevent  disastrous  leakage  through  a 
glacial  moraine  and  the  threatened  loss  of  the  entire  amount  of 
capital  invested.  Nevertheless,  other  reservoirs  are  being  planned  in 
places  where  just  such  loose  materials  border  the  sites  of  the  pro- 
posed dams. 
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Inasmuch  as  experience  has  shown  that  many  landslide  masses  and 
certain  of  the  glacial  deposits  are  not  able  to  withstand  the  pressure 
of  a  high  head  of  water  without  serious  leakage,  it  seems  desirable  to 
publish  a  description  of  the  mountain  canyons  and  the  deposits  com- 
monly found  in  them  and  of  the  geologic  conditions  associated  with 
the  lakes  in  the  mountains,  so  that,  in  the  future,  no  expensive  errors 
need  be  due  to  a  failure  to  recognize  the  geologic  formations  border- 
ing a  proposed  reservoir  site. 

LOCATION. 

The  San  Juan  Mountains  are  in  the  southwestern  part  of  Colorado. 
(See  fig.  1.)  The  loftier  summits  in  the  range  rise  to  elevations  of 
over  1,400  feet,  and  the  highest  peak,  known  as  Uncompahgre,  has 
an  elevation  of  14,306  feet.  Much  of  the  range  is  above  10,000  feet 
in  elevation.  To  the  west  the  bordering  lower  lands  form  the  Col- 
orado Plateau,  whose  elevation  is  between  7,000  and  8,000  feet  above 
the  sea.  The  Uncompahgre  Plateau  lies  at  the  northwest  and  ranges 
in  elevation  from  9,000  feet  near  the  mountains  to  8,000  feet,  and  at 
a  still  greater  distance  from  the  mountains,  to  7,000  feet  above  sea 
level.  North  of  the  range,  in  the  vicinity  of  Montrose,  in  the  great 
valley  of  the  Uncompahgre  River,  there  is  an  area  at  about  5,000 
feet,  but  just  east  of  this  area  is  another  plateau  district  connecting 
the  San  Juan  Mountains  with  the  West  Elk  Mountains,  and  into 
that  plateau  the  Black  Canyon  of  the  Gunnison  has  been  cut.  To  the 
east  is  the  broad  San  Luis  Valley,  with  a  general  elevation  of  about 
7,500  feet,  and  on  the  south  the  plateau  and  mesa  country  of  northern 
New  Mexico. 

»  PHYSICAL    GEOGRAPHY. 

FHYSIOaBAFHIC  EVOLUTION  OF  THE  BEGION. 

The  San  Juan  district  has  passed  through  a  remarkable  geologic 
history.  The  earlier  chapters  of  that  history  need  not  be  reviewed 
here,^  but  the  later  chapters,  which  cover  an  interpretation  of  the 
present  topography,  should  be  outlined. 

At  the  end  of  Cretaceous  time  the  range  appeared  as  a  great  moun- 
tain mass — a  huge  dome.  (See  fig.  2.)  Rivers  went  to  work  upon 
that  uplifted  land  and  carved  out  the  early  Tertiary  San  Juan  Moun- 
tains. Alpine  glaciers  were  formed  in  the  basins  among  those  moun- 
tains and  descended  to  the  neighboring  lowlands.  In  time,  through 
the  combined  efforts  of  rivers,  glaciers,  winds,  and  all  agents  of 
weathering,  the  mountains  were  removed  and  the  region  was  re- 

1  The  early  geologic  history  of  the  range  Is  clearly  stated  In  the  Tellurlde,  SiWerton, 
Needle  Mountains,  and  Onray  folios  of  the  Geologic  Atlas,  published  by  the  United  States 
Geological    Survey. 
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^  v  duced  to  one  of  low  relief,  not  far  above  se 

*  level.  Before  this  work  was  completed  vol 
'*  s  canoes  had  broken  out  in  the  range,  and  b; 
^  S  the  end  of  the  Oligocene  epoch  va^  amount 
'*k  of  sand  and  gravel  were  spread  out  on 

"l^  the  western  part  of  the  area. 

N^ext  came  a  second  series  of  violent  &ii( 

%  extensive  volcanic  outbursts.     From  numer 

*  oils  vents  fragmental  materials  were  throwi 
■S  5  into  the  air,  and  lavas  were  poured  out  om 
■I  I  the  surface.  Little  by  little  these  formations 
*  ^  coming  from  many  centers,  built  up  an  ei 
S  o  tensive  volcanic  plateau,  which,  if  restored 
§3  would  rise  at  least  a  few  thousand  fed 
« I  above  the  highest  summits  of  the  present 
J  S  J  range.  By  this  time  the  Pliocene  or  UU 
?■"'  I  Tertiary  epoch  had  been  reached. 

g  £  f  After  the  development  of  the  great  vol- 

^  g  I  canic  plateau  the  streams  again  undertool 

g  c  o  their  work  of  dissection.    Another  range  ol 

*£  b  mountains  was  carved  out,  and  once  more 

^  g  5  after  the  rivers  had  worked  for  a  long  time 

.«^  the  region  was  reduced  to  a  lowland  no( 

H      -  much  above  sea  level.    The  old  surface  pro 

g     %  duced  at  that  time  is  represented  by  mam 

B     „  of  the  bi'oad  Hunmiits  and  intercanyon  ridge* 

I  of  the  present  range. 

g  Still  later  the  Sun  Juan  area  was  apir 

ft  t  uplifted.    This  time  the  erosion  surface  thai 

t  had  just  been  produced  was  domed.    Tht 

^  streams   wore    invigorated    by    the    grealei 

J  elevation   of  the  mountains   and  began  al 

■o  once  to  lower  their  courses.     A  long  periof 

°  of  stretim  erosion  followed,  and  associatet 

1  with  it  were  at  least  three  stages  of  ghci 

j"  ^  ation,  during  each  of  which  the  mountaii 

Tr  cjinyons  were  occupied  by  ice.    Through  th( 

■D  2  combined  etforts  of  ice  and  water  the  majo' 

"  i  features   of   the   present    topography  ^^^ 

I  "S  developed. 

^  ^  Since  the  melting  away  of  the  last  glacier 

■5  ^  there  h»s  been  a  i'ene%.-ed  and  vigorous  attacl 

B  I  on  the  mountains  by  streams  and  by  all  thoa 

^  ^  ugents  which   assist   in  the   weathering  "i 
disintegration  of  rocks.     Vast  quantities  ol 
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loose  material  have  been  taken  down  the  canyon  walls.  The  moun- 
tain  slopes  left  too  steep  to  stand  when  the  last  iee  melted  have 
loosened,  and  great  areas  of  landslides  have  been  formed.  The 
morainic  deposits  left  by  the  glaciers  contain  lake  basins,  and  at 
many  places  such  deposits  have  partly  filled  the  valleys  and  even 
ponded  the  streams.  In  the  higher  mountains  there  are  places  where 
the  ice  actually  gouged  basins  out  of  the  solid  rock,  and  in  such 
basins  waters  have  accumulated.  Mud  flows  and  torrential  fans  have 
also  ponded  certain  of  the  streams  and  caused  lakes  to  come  into 
existence.  Some  lakes  have  been  filled  and  others  have  been  drained. 
Broad  flood  plains  have  been  developed,  and  by  the  intrenchment  of 
stream  courses  belew  former  flood  plains  many  terraces  have  been 
left.  The  range  is  to-day  being  actively  eroded,  and  great  masses  are 
slipping  or  sliding  from  the  oversteepened  mountain  slopes.  There 
are  reasons  for  believing  that  the  range  is  also  being  slowly  uplifted. 

GBEAT   GANTOKS. 

The  great  canyons  of  the  San  Juan  region  head  in  the  central 
part  of  the  mountain  area  and  lead  radially  to  the  bordering  plateaus. 
At  their  heads  and  at  the  heads  of  the  several  tributaries  to  these 
major  canyons  there  are  broad,  open  semicircular  areas  where  the 
snows  collected  during  the  several  glacial  stages  and  formed  the 
alpine  glaciers.  The  vigor  of  ice  action,  even  at  the  very  beginning 
of  movement,  is  recorded  in  these  ancient  catchment  basins  or  cirques 
by  deep  gouging  into  the  solid  rock  and  by  grooved,  polished,  and 
striated  surfaces.  The  bordering  wall  of  a  cirque  is  usually  very 
steep,  in  places  precipitous,  for  the  work  underneath  the  glacier  led 
to  a  continual  enlargement  of  the  catchment  area,  so  that  the  inter- 
canyon  or  intercirque  ridges  became  narrower  and  narrower,  locally 
even  coming  to  have  sharp,  jagged,  sawtooth  forms.  During  the 
period  of  maximum  formation  of  ice  the  sharp  peaks  were  all  that 
•rose  above  the  glaciers  and  the  associated  snow  fields.  The  catch- 
ment areas  as  examined  to-day  range  in  area  from  a  fraction  of  a 
square  mile  to  as  much  as  15  square  miles. 

Downstream  from  the  cirques  the  canyons  usually  retain  an  open 
or  U-shaped  form,  being  in  sharp  contrast  to  unglaciated  canyons, 
such  as  the  Black  Canyon  of  the  Gunnison,  at  the  north  margin  of 
the  range,  and  the  Toltec  gprge,  at  the  southeast,  for  such  stream- 
eroded  canyons  are  V-shaped.  The  walls  of  the  great  canyons  in  the 
range  are  in  places  smooth  and  even  polished  from  ice  action.  The 
bold  or  fantastic  rock  features  which  certainly  must  have  existed 
there  before  the  ice  passed  through  the  canyons  have  been  removed, 
and  there  is  a  general  simplicity  to  the  canyon  walls.  On  the  floors 
of  the  canyons  it  is  evident,  at  many  places,  that  there  has  been 
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vigorous  ice  action.  Grooved,  polished,  and  striated  surfaces  are 
still  preserved,  and  vast  deposits  of  glacial  debris  are  lodged  in  the 
lower  ix)rtions  of  the  valleys. 

Many  of  the  tributary  canyons  terminate  several  hundred  feet 
above  the  l)ottom  of  the  main  canyon,  so  that  their  waters  now 
tumble  or  fall  into  the  main  gorge.  Such  hanging  valleys  were 
usually  occupied  by  ice,  but  the  deepening  work  of  the  tributary 
glaciers  fell  far  short  of  that  accomplished  by  the  glaciers  in  the 
main  canyons. 

The  floors  of  the  glaciated  canyons  are  very  irregular  and  do  not 
have  the  normal  gradients  of  stream  courses,  for  the  work  of  glacier 
ice  is  not  controlled  by  the  same  laws  that  control  the  work  of  run- 
ning water.  In  some  places  the  ice  has  gouged  out  holes  much  below 
the  general  gradient ;  in  others  rock  hills  or  knobs  have  been  left  on 
the  floors  of  the  valleys.  The  debris  left  by  the  ice  during  its  ad- 
vance and  upon  its  final  melting  has  added  numerous  details  in  the 
topography  of  the  canyon  floors  and  the  lower  slopes,  so  that  many 
of  the  postglacial  streams  in  such  canyons  flow  here  on  gentle  gradi- 
ents through  meadow  lands,  there  over  rocky  places  where  cataracts 
and  rapids  exist,  qv  through  some  narrow  notch  cut  in  a  rock  ledgi* 
or  morainic  ridge.  Some  of  the  lakes  in  the  canyons  are  due  to 
these  irregularities  in  the  stream  bed,  either  in  the  solid  rock  or  in 
the  glacial  debris.  At  many  places  vast  quantities  of  material  have 
slumj)ed  into  the  canyon  from  one  side  or  the  other,  or  from  both 
sides,  so  as  to  block  the  course  of  tlie  stream.  At  a  few  places  muds 
have  formed  and  come  down  tlie  cjinyon  slopes,  and  opposite  the 
mouth  of  each  small  tributarv  stream  there  is  usuallv  a  torrential 
fan.  The  recognition  of  these  looser  deposits  is  of  special  signifi- 
cance in  the  selection  of  reservoir  sites,  and  each  class  is  described  in 
detail  below. 

GLACIAL   DEPOSITS   IN   THE   CANYONS. 

4 

TERMINAL  MORAINES. 

While  a  glacier  occupies  a  mountain  canyon  there  is  constant 
movement  of  the  ice  down  that  canvon.  The  walls  and  floor  of  the 
canyon  are  scraped  bare  of  loose  material.  At  the  margin  of  the  ice 
in  the  position  of  maximum  advance  excessive  melting  is  taking 
place  and  heavy  deposits  of  glacial  drift  accumulate.  Upon  the 
final  melting  away  of  the  ice  this  debris  is  uncovered.  Such  a 
deposit,  which  should  normally  cross  the  valley  as  a  curved  or  cres- 
centric  l)elt  or  ridge,  is  known  as  a  terminal  moraine.  As  the  ice 
carries  different  kinds  and  amounts  of  debris  in  its  different  por- 
tions, the  deposit  will  not  bo  of  uniform  composition  or  uniform 
thickness.    As  the  ice  during  seasonal  variations  moves  forward  or 
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retreats  irregularly  at  its  margin,  such  a  deposit  will  have  a  very 
irregular  or  hummocky  surface  form.  The  terminal  moraine  in 
many  valleys  in  the  San  Juan  Mountains  is  a  belt  that  crosses  the 
valley  and  ranges  from  a  few  rods  to  a  mile  in  width.  At  either 
side  of  the  canyon  this  moraine  may  blend  or  connect  with  a  lateral 
moraine  deposited  at  the  side  of  the  valley  or  on  the  lower  slopes,  as 
the  ice  melted  away. 

The  recognition  of  the  terminal  moraine  rests  upon  (1)  its  topog- 
raphy, which  is  rough  or  hummocky,  with  knobs  and  kettles;  (2) 
its  composition,  for  it  is  a  mass  of  stones  and  boulders  of  various 
dimensions,  as  much  as  10  or  15  feet  in  diameter,  intermingled  with 
gravels,  sands,  and  clays;  (3)  its  structure,  for  in  most  cross  sec- 
tions it  is  apparent  that  much  of  the  material  was  not  carried  and 
deposited  by  running  water,  or  deposited  in  standing  water,  the 
greater  part  of  the  material  being  unstratified,  though  within  many 
such  deposits  there  are  pockets  of  stratified  sands  and  gravels;  (4) 
the  subangular  shapes  of  the  stones;  and  (5)  the  scratches  or  striae 
found  on  many  of  the  stones. 

When  such  a  terminal  moraine  is  approached  from  the  down- 
stream side  it  may  appear  as  a  rough  or  hilly  belt,  usually  well 
wooded,  extending  across  the  valley.  The  stream  may  have  cut 
but  a  narrow  notch  through  the  moraine,  and  rapids  or  cataracts 
occur  at  such  places.  As  seen  from  the  upstream  side  the  terminal 
moraine  is  not  commonly  so  conspicuous,  for  on  that  side  the  mo- 
rainic  deposits  usually  become  gradually  less  and  less. 

RECESSIONAL  MORAINES. 

When  the  ice  front  remains  stationary  for  a  considerable  time 
during  the  general  melting  and  recession  of  the  glacier  morainic 
deposits  accumulate  at  such  marginal  positions.  Those  deposits  re- 
semble the  terminal  moraines  very  closely  in  topography,  material, 
and  topographic  relations,  and  in  being  frontal,  but  they  are  unlike 
the  terminal  moraines  in  that  they  do  not  represent  the  position  of 
the  ice  front  at  its  maximum  advance.  Several  such  recessional  mo- 
raines may  be  lodged  in  a  single  valley,  and  at  each  moraine  the 
stream  course  may  be  somewhat  constricted.  Upstream  from  such 
moraines,  as  from  the  terminal  moraine,  the  valley  floor  may  be  less 
heavily  mantled  with  glacial  drift  and  so  appear  broader  or  more 
open.  Many  recessional  moraines  serve  as  natural  dams,  blocking 
the  drainage  and  causing  lakes.  In  certain  of  the  valleys  among 
the  San  Juan  Mountains  there  are  chains  of  lakes  caused  in  this 
way  and  connected  by  small  streams.  The  lowering  of  outlets  has 
drained  many  lakes  that  existed  for  a  time  after  the  melting  of  the 
ice,  and  those  lake  basins  now  appear  as  meadows  or  swampy  lands  in 
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the  course  of  tlie  stream.  Thus  the  mountain  stream  may  flow  for 
some  distance  through  n  meadow  where  it  has  a  low  gradient  and 
meander  there  much  as  rivers  of  extreme  old  age  wind  about  in  their 
floo<l  plains.  Where  such  a  stream  leaves  the  old  lake  bottom  and 
crosses  the  moraine  it  may  have  to  flow  through  a  narrow  gorge,  and 
with  falls  and  rapids  in  its  course  it  may  literally  tumble  down  to 
the  level  of  the  next  meadow,  again  to  meander  through  an  old  lake 
bottom  and  tumble  tcf  a  still  lower  level,  and  so  on,  until  the  glaciated 
portion  of  the  canyon  is  passed.'  The  constricted  courses  of  the 
streams  just  below  such  lake-bottom  meadows  have  often  been  se- 
lected as  dam  sites,  and  the  former  lake  basins  as  the  sites  for 
reservoirs. 

LATERAL  MORAINES. 

* 

When  a  valley  glacier  is  in  place  vast  quantities  of  material  loos- 
ened by  weathering,  rain  work,  or  streams  are  carried  down  the 
mountain  slope  and  deposited  as  ridges  on  the  ice  but  near  its  mar- 
gins. Such  ridges  of  debris  are  lateral  moraines,  and  on  the  final 
melting  of  the  ice  they  come  to  rest  at  the  sides  of  the  valley.  Tliey 
commonly  connect  at  the  downstream  end  with  the  terminal  moraine 
or  with  one  of  the  recessional  moraines.  Upstream  they  become  less 
and  less  prominent  and  die  out  before  the  catchment  basin  is 
reached. 

The  lateral  moraine  commonly  resembles  a  ridge.  Its  upper  sur- 
face may  have  so  low  a  gradient  as  to  suggest  an  old  railroad  grade 
on  the  canyon  wall.  There  may  be  a  (loj)re.s.sion  between  tlie  lateral 
moraine  and  the  mountain  slope,  and  locally  small  lakes  are  held  in 
such  depressions.  Whore  a  lateral  moraine  crosses  the  mouth  of  a 
tributary  stream  ponding  may  follow  and  a  small  lake  thus  come 
into  existence.  Such  lakes  have  commonly  overflowed,  their  outlets 
have  been  lowered,  and  to-day  the  formerly  ponded  tributary  streams 
flow  through  meadows  occupying  the  sites  of  the  former  lake«i.  then 
cross  the  lateral  moraines,  and  come  into  the  main  vallevs. 

The  position  of  the  lateral  moraine  on  the  valley  wall  represents 
the  minimum  elevation  of  the  ice  that  occupied  the  main  canyon. 
The  ice  was  certainly  somewhat  greater  in  thickness  than  the  eleva- 
tion of  the  lateral  moraine  above  the  stream  channel,  for  the  materiftl 
of  such  a  moraine  is  let  down  perhaps  100  or  200  feet  during  the  melt- 
ing of  the  ice  before  it  becomes  lodged  on  the  slope. 

At  some  places  in  these  mountain  canyons  the  walls  are  too  steep 
to  permit  the  lodgment  of  such  lateral  deposits,  and  the  material  that 
would  otherwise  have  formed  a  lateral  moraine  comes  to  rest  on  the 
floor  of  the  valley.    There  it  does  not  have  a  distinct  ridgelike  form 
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but  is  mingled  with  the  general  mantle  of  ground  moraine  left  on 
the  final  melting  of  the  ice. 

Tn  composition  and  structure  the  lateral  moraines  resemble  the 
terminal  and  recessional  moraines,  but  they  do  not  contain  pockets 
of  stratified  materials  such  ^  are  common  in  the  frontal  moraines. 
The  stones  in  the  lateral  moraines  are  more  commonly  angular  than 
those  that  were  carried  near  the  base  of  the  glacier. 

MEDIAL  MORAINES. 

IMien  a  tributary  glacier  unites  with  ice  in  the  main  canyon  the 
lateral  moraine  on  the  upstream  side  of  the  tributary  glacier  joins 
the  lateral  moraine  of  the  main  glacier  and  forms  a  medial  moraine. 
Material  so  accumillated  rests  upon  the  surface  of  the  glacier,  but 
on  the  final  mislting  of  the  ice  it  is  deposited  on  the  floor  of  the 
canyon.  Here  and  there  a  distinct  medial-moraine  ridge  now  exists 
on  the  floor  of  a  glaciated  valley.  It  would  seem  that  as  the  material 
of  the  medial  moraine  was  gradually  let  down  during  the  melting  of 
the  ice,  it  became  distributed  or  dispersed,  and  so  became  a  part  of  a 
general  mantle  of  drift  on  the  floor  of  the  valley.  Short  medial- 
moraine  ridges  may  be  present  at  the  junction  of  a  tributary  with 
the  main  valley. 

OUTWASH  DEPOSITS. 

Downstream*  from  the  terminal  and  recessional  moraines  vast  quan- 
tities of  sand  and  gravel  are  carried  out  by  the  waters  that  come  from 
the  melting  ice.  These  sands  and  gravels  load  the  streams  to  their 
utmost  capacity  and  thus  commonly  lead  to  the  aggradation  or  build- 
ing up  of  the  floors  of  the  valleys  beyond  the  position  of  the  ice 
front.  Such  outwash  deposits  are  called  valley  trains.  They  extend 
from  a  few  miles  to  as  much  as  20  or  30  miles  below  the  terminal 
moraine.  When  the  glaciers  finally  melted  away  and  the  streams  be- 
came clearer,  having  less  debris  to  carry,  their  velocities  were  in- 
creased and  they  were  able  to  lower  their  courses  through  these 
loose  deposits  of  sand  and  gravel.  Possibly  an  uplift  of  the  range 
helped  to  quicken  their  velocities.  Thus  the  stream  channels  are 
to-day  intrenched  below  the  old  flood-plain  levels  of  glacial  time, 
and  the  remnants  of  the  old  flood  plains  appear  as  terraces  or  benches 
as  much  as  100  feet  above  the  present  streams.  At  each  stage  of  the 
retreat  of  the  ice  vast  quantities  of  silts  were  washed  out  beyond  the 
ice  front,  so  that  bodies  of  stratified  sand  and  gravel  may  be  found 
at  several  localities  in  the  valley,  but  usually  they  lie  just  below  the 
irontal  moraines. 
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DEPOSITS  OF  DISTINCT  GLACIAL  EPOCHS. 

In  the  San  Juan  region  proof  has  been  obtained  of  at  least  three 
distinct  glacial  stages  during  the  last  long  period  of  erosion.*  In  the 
earliest  of  these,  which  is  called  the  Cerro  stage.*  the  glaciation  was 
the  most  extensive,  and  the  moraines  of  this  stage  have  been  largely 
removed.  A  few  scattered  remnants,  all  of  which  are  above  or  out- 
side of  the  modern  canyons,  have  been  found  at  several  places  about 
the  margin  of  the  range. 

The  glaciers  of  the  intermediate  stage,  known  as  the  Durango, 
were  intermediate  in  extent,  but  they  occupied  the  modern  canyons, 
and  their  moraines  are  farther  down  those  canyons  and  higher  on 
the  slopes  than  those  of  the  last  stage.  The  Durango  glaciers  were 
as  a  rule  from  2  to  5  mile^  longer  than  the  glaciers  of  the  last  or 
Wisconsin  stage.  Most  of  the  terminal  nloraines  of  the  Durango 
glaciers  have  been  removed  by  subsequent  erosion.  The  lateral  mo- 
raines remain,  and  at  many  places  the  outwash  deposits  of  that 
stage  may  be  identified. 

The  glacial  deposits  which  are  of  immediate  significance  in  the 
present  discussion  are  those  of  the  last  or  Wisconsin  glacial  stage, 
which  have  been  described  above  in  detail. 

LANDSLIDE    DEPOSITS. 

A\nien  the  last  glaciers  disappeared  from  the  San  Juan  Mountains 
the  canyon  walls  were  at  many  places  so  steep  that  as  weathering 
and  disintegration  of  the  rocks  progressed  vast  quantities  of  the 
material  slumped  off  and  slid  to  the  bases  of  the  cliffs.  The  geologic 
conditions  at  many  places  are  especially  favorable  for  the  develop- 
ment of  landslides.  Ix)ose  or  soft  formations  underlie  heavy  flows 
of  lava,  and  as  the  less  resistant  formations  are  weathered  out*,  the 
heavy  load  above  is  undermined,  breaks  off,  and  pushes  a  great  mass 
of  the  fine  material  with  it  dow^n  the  slope.  Again  the  volcanic 
rocks  become  very  thoroughly  weathered  or  disintegrated,  and  such 
a  mass  when  saturated  from  heavy  rains  or  from  the  melting  of 
snow  may  move  or  slide  down  the  mountain.  Where  there  is  a  some- 
what impervious  layer  overlain  by  loose  materials  the  ground  waters 
collect  just  above  the  impervious  layer.  Such  waters  may  issue  as 
springs  at  the  base  of  the  loose  material,  but  they  also  serve  as  a 
lubricant  and  hasten  the  movement  of  great  masses  of  the  overlying 
rock  down  the  hill.    Thus  the  cliff  is  forced  back  and  mav  retreat  for 


*  Atwood,  W.  W.,  and  Mather,  K.  F.,  Tho  evldenco  of  throe  distinct  glacial  epochs  In 
the  Pleistocene  history  of  the  San  J  nan  Mountains.  Colo.  :  Jour.  Geology,  vol.  20,  pp.  385- 
400,  1912. 

'Atwood,  W.  W..  KiKiMje  KlHclal  deposits  of  8outh\vest«'ru  Colorado:  V.  S.  Geol.  Survey 
l»rof.  Paper  95,  pp.  14-15,  1915. 
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many  hundreds  of  feet.  At  some  localities  this  process  has  continued 
until  the  cliff  is  »  large  fraction  of  a  mile  back  of  its  former  position'. 

The  landslide  masses  as  they  accumulate  have  an  exceedingly 
rough  topography.  This  topography  may  resemble  somewhat  that  of 
a  glacial  moraine,  but  in  contrast  ta  the  moraine  the  individual  land- 
slide mass  commonly  has  one  longer  axis,  which  makes  it  ridgelike, 
and  the  longer  axis  or  crest  of  the  ridge  will  be  approximately  paral- 
lel to  the  cliff  from  which  the  mass  slid.  The  landslide  materials 
differ  from  the  glacial  deposits  in  that  they  are  angular,  and  the  in- 
dividual stones  do  not  have  polished  and  striated  surfaces  such  as 
are  present  on  the  stones  of  the  glacial  drift.  The  landslide  masses 
do  not  contain  so  large  a  variety  of  stones  as  the  glacial  deposits,  for 
their  materials  must  come  from  the  few  formations  represented  in 
the  cliffs  above  them.  The  landslide  masses  are  also  of  smaller  extent 
than  the  glacial  deposits,  and  the  cliffs  from  which  they  have  come 
are  usually  to  be  seen.  There  is  no  assortment  of  the  material  in 
the  landslide  masses,  and  in  that  respect  they  resemble  the  deposits 
left  by  the  melting  ice. 

Among  the  landslide  masses  there  are  small  undrained  depressions, 
and  in  such  depressions  lakes  may  form.  Thus  the  presence  of 
lakes  or  ponds  in  the  loose  deposits  of  the  mountains  is  not  a  proof  of 
glacial  origin  for  those  deposits.  At  some  places  landslide  masses 
check  drainage  lines  and  pond  the  streams,  so  that  lakes  have  come 
into  existence.  Landslides  may  come  from  the  opposite  sides  of  a 
mountain  canyon  and  meet  on  the  floor,  or  they  may  come  with  so 
great  velocity  from  one  wall  of  a  canyon  that  they  cross  the  stream 
course  and  ride  several  hundred  feet  up  the  farther  slope. 

The  accumulation  of  loose  angular  material  at  the  base  of  a  cliff  in 
the  upper  portions  of  a  canyon,  especially  in  the.  great  catchment 
areas,  is  spoken  of  as  talus.  The  individual  blocks  have  fallen  a  few 
at  a  time.  Locally^  in  these  basins,  and  in  a  few  places  farther  down 
the  canyons,  huge  masses  of  talus  material  have  ridden  out  or  flowed 
out  from  the  cliffs,  and  as  this  process  is  continued,  one  mass  after 
another  following  the  same  track  down  the  mountain  slope,  land 
forms  are  produced  that  resemble  great  mud  flows,  but  they  are  com- 
posed of  angular  talus  blocks.  Such  deposits  have  been  described  as 
rock  streams^  and  are  sometimes  called  rock  glaciers,  the  term  im- 
plying that  the  mass  was  frozen  and  moved  as  a  glacier,  although 
it  was  heavily  loaded  with  the  angular  fragments  of  rock  waste.  The 
significance  of  the  landslide  and  talus  accumulations  is  referred  to 
in  the  descriptions  of  special  reservoir  sites. 

1  Howe,  Ernest,  Landslides  In  the  San  Juan  Mountains,  Colo. :  U.  8.  OeoL  Surrey  Prof. 
Paper  07,  1909. 
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LAXS8   AMONQ   THE   MOUNTAINS. 

By  far  the  greater  number  of  the  lakes  in  the  San  Juan  Moun- 
tains are  due  in  one  way  or  another  to  glaciation.     High  among  tiw 
mountains,  where  ice  erosion  was  intense,  small  basins  were  gouged 
out  of  the  solid  rock,  and  in  those  basins  waters  have  accumulated. 
In  the  valleys  below  the  basins,  where  deposition  predominated  over 
glacial  erosion,  the  deposits  of  drift  have  been  so  irregularly  lodged 
on  the  floors  of  the  canyons  that  many  undrained  areas  were  left,  and 
in   those   undrained   areas   waters   from   subsequent   rainfall  hare 
formed   small    lakes   or   ponds.     In   the   terminal    and   recessional 
moraines  the  depressions  are  relatively  small,  being  sometimes  ap- 
propriately described  as  "  kettle  holes,"  and  many  of  them  contain 
water.     Upstream  from  the  great  recessional  moraines  the  waters 
are  sometimes  held  on  the  floor  of  the  valley  awaiting  overflow  and 
discharge.     In  the  tributary  valleys  there  are  examples  of  lakes 
held  in  by  the  lateral  moraine  of  the  main  canyon  glacier.    Such  a 
lake  may  in  time  rise  until  it  overflows,  and  in  cutting  its  outlet 
through  the  lateral-moraine  dam  it  may  soon  lower  its  water  even  to 
the  point  of  extinction.  In  a  few  places  lateral  moraines  retain  waters 
against  the  mountain  slopes,  and  occasionally  a  lake  may  come  into 
existence  where  two  lateral  moraines  from  adjoining  canyons  meet 
to  form  a  medial  moraine  in  a  small  triangular  space  just  above  the 
junction  of  the  lateral  moraines.     The  blocking  of  drainage  by  land- 
slides, as  has  been  sii^frested  almve,  accounts  for  some  of  the  lakes  in 
the  range,  such  as  Emerald  Lake,  in  the  valley  of  Pine  Creek,  and 
Lake  Santa  Maria.     Mud  flows  mav  bo  of  such  dimensions  as  to 

m 

block  drainage.  One  of  the  most  remarkable  lakes  in  the  range  is 
caused  by  a  mud  flow  coming  across  the  canyon  of  the  Lake  Foric  of 
the  Gunnison  about  4  miles  above  Lake  City.  The  ponding  of  the 
waters  by  this  mud  flow  explains  the  presence  of  Lake  San  Cristobal. 
Glacial  deposits  and  landslides,  or  other  combinations  of  the  loose 
deposits  so  commonly  found  in  the  mountain  canyons,  may  form 
undrained  depressions.  Many  of  the  lakes  among  the  mountains  in- 
vite invcstipition  by  those  looking  for  reservoirs.  The  outlets  may 
be  narrow  V-shaped  canyons,  and  the  retaining  walls  may  appear  high 
<»nough  so  that,  if  the  outlet  is  blocked,  a  large  supply  of  water  may 
be  readily  stored,  but  the  geologic  conditions  of  the  areas  bordering 
the  present  lakes,  and  especially  above  their  present  high-wat«r 
mark,  are  of  great  significance  in  the  selection  of  reservoir  sites. 

TORRENTIAL  DEPOSITS  IN  THE  LARGE  CANYONS. 

In  addition  to  the  glacial,  landslide,  and  mud-flow  deposits  in  the 
canyons  there  are  great  fanlike  accumulations  opposite  the  mouths 
of  tributary  streams.     The  side  stream  usually  comes  over  a  very 
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steep  gradient  and  brings  large  quantities  of  fragmental  material  or 
stones,  which  have  been  somewhat  rounded,  and  when  the  gradient 
is  decreased  as  the  tributary  reaches  the  main  valley  it  must  deposit 
its  load.  The  heavier  material  is  dropped  first,  the  stream  separates 
into  several  distributaries,  and  more  and  more  of  the  load  is  dropped, 
until  in  the  small  streams  that  result  from  the  continual  division  of 
the  waters  the  fine  sands  and  silts  are  laid  down.  Such  an  accumu- 
lation has  its  apex  at  the  mouth  of  the  tributary  gorge  and  slopes 
radially  for  nearly  180°  from  that  point  toward  the  bottom  of  the 
valley,  so  that  it  comes  to  have  a  fanlike  form.  Deposits  of  this 
kind  from  the  two  sides  of  the  canyon  may  meet,  or  a  single  fan  may 
advance  to  the  farther,  wall  of  the  canyon,  and  thus  the  stream 
course  will  be  blocked  and  a  lake  will  come  into  existence. 

STBEAM  COXTBSES  IN  THE  LABOEB  VALLEYS. 

The  actual  channel  which  the  stream  follows  through  a  canyon 
that  has  been  glaciated  and  affected  by  landslides,  mud  flows,  and 
torrential  deposits  is  extremely  varied.  In  places,  taore  commonly 
in  the  upper  portion  of  the  course,  the  channel  lies  on  bedrock.  Falls 
and  rapids  occur  where  the  ice  has  left  a  cliff  or  a  very  steep  slope 
on  the  floor  of  the  canyon.  Again  the  stream  is  diverted  to  one  side 
or"  the  other  because  of  some  huge  mass  of  loose  material.  The 
stream  course  may  pass  through  an  old  lake  bottom  or  wind  in  and 
out  among  the  heavy  deposits  of  a  recessional  or  terminal  moraine. 
Here  and  there  the  stream  has  a  meandering  course  above  torrential 
deposits,  or  perhaps  it  has  been  forced  to  cut  into  solid  rock  far  to 
one  side  of  the  canyon  by  the  alluvial  fan  deposit  of  a  tributary 
stream.  Throughout  its  course  it  is  usually  vigorous.  Certain 
streams  have  rock  walls  on  one  side  and  at  first  glance  may  appear 
to  be  cutting  into  solid  rock,  but  the  opposite  wall  consists  of  loose 
material  of  glacial  or  landslide  origin,  and  after  waters  are  ponded 
by  a  dam  at  such  a  location  the  ponded  waters  may  find  easy  pas- 
sage through  the  loose  materials.  What  appears  to  be  a  firm  rock 
gorge  has  in  fact  but  one  wall  of  firm  rock.  Or  a  stream  may  be 
in  a  rock  gorge  far  to  one  side  of  a  valley,  and  the  preglacial  channel 
may  be  much  lower  and  in  the  middle  of  the  valley  but  filled  with 
debris.  The  conditions  are  so  variable  and  the  number  of  possible 
combinations  of  the  factors  that  have  influenced  the  location  Of  the 
stream  is  so  great  that  the  selection  of  a  site  for  the  dam  for  a  reser- 
voir requires  a  careful  examination  of  the  canyon  for  some  distance 
up  and  down  stream  from  the  proposed  site,  and  a  full  appreciation 
of  the  geologic  conditions  across  the  entire  width  of  the  canyon  just 
below  the  reservoir. 

05683*'— 18— Boll.  685 2 
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ThB  strenms  of  the  San  Juan  Mountains  are  all  youthful,  Eteo 
after  the  great  deepening  accomplished  during  the  three  stages  of 
Pleistocene  glaciation  the  streams  arc  lowering  their  cotiraesL  It 
appears  that  the  mountains  arc  still  growing,  and  the  base-Ierel  to 
which  the  streams  are  deepening  their  courses  is  being  lowered  in 
the  great  mountain  mass. 

RESERVOIRS. 

FABMEBS'  mnOH  OB  BIO  OKAITDE  BESEBVOIB. 

The  lioadwoters  of  the  Rio  (Trando  are  in  the  central  portion  ol 

the  range,  where  the  relief  is  very  great  and  the  combined  rainfall 


^  sa  ■!  m  n 

Modern  alluvium  Torrential  wash       Landslides       Glacial  moraines    Lava  flow*  or 
,„.    of  the  other  vidcsnie 

Wisconsin  stage  formations  mk 
or  at  the  soiba 

FiornE  3.^Mnii  nf  a  part  ot  the  Snn  rrlstobnl  qiiadmiiBlp,  ahowLng  the  loeaflon  tvi 
toi>ni,Tiip!ilc  ri'loUoQS  of  fhi>  Karniprn'  irninn  or  liio  Grnnde  rcBorvnlr  BDd  the  dlitrlbo. 
tloQ  ot  the  loose  or  unconsoUdati'd  formatlaoii  wllhln  tlic  nroa  shonrn. 

and  snowfiill  lire  so  larg(>  that  each  of  the.  stieiims  contributing  to 
this  tarfrt'  tnmk  clinnnel  is  a  vignrDiis  mountain  torrent.  The  por- 
tion of  the  volley  that  was  selected  us  a  reservoir  site  (PI.  I.  A)  is  in 
the  ceiilnil  i>art  of  the  San  Cristobal  ((iiadnin<!:lc  and  extends  from 
the  mouth  of  Ute  Creek  7  miles  downstream  to  a  point  near  the  mouth 
of  Big  Squaw  Ci-eck  (fig.  3).  This  portion  of  the  valley  of  the  Rio 
Grande  is  south  of  Lost  Lakes  and  Long  I*ark.  The  reservoir  site 
may  be  reached  by  road  most  readily  from  Creede,  about  33  miles 
oway. 


V.  B.  OBOLOGICAL  8I7BVBT  BULLETIN  SSS 


,    FARMERS'  UNION  RESEBVOIR,  LOOKING  DOWN  THE  VALLEY  OF  T 

RIO  GItANDE  FROM  A  l-OINT  ON  THE  WKMINUCIIB  TRAIL. 

View  Blui«iD«  the  lucatioD  ot  tb«  dam  and  tbo  ureal  laodalide  ana  to  Uh  DoctiL 


B.    RAM  OF  THE  FARMERS'  UNION  RESERVOIR  FROM  THE  SOUTH. 
ThopiUway  appmniDllnfurrgnHind.  andlhomwrvDiriMlollieMt.    CaaUol  (ataa  ■ 


a    SOUTH  MARGIN  Of  THE  DAM  ON  THE  DOWNSTREAM  SIDE.  SHOWING  LEAK- 
AGE ARilUND  THE  SOUTH  END  OF  THE  DAM . 
Thii  leakatn  in  through  rnctured  ruck.    The  tunnel  opCDint  u  neu  Uw  left  marffat  ■/ the  vinr. 


V.  a.  oEOLooicAL  susTiT  bulletin  «t   rLtn  u 


B.    SEEPAGE  THROUGH  THE  LANDSLIDE  MASS  JUST  BELOW  THE  FARMEI 

UNION  DAM. 

At  Iha  right  ia  the  opaoing  of  ■  pnMpect  tunnd. 


C    IGNACIO    BESERVOIR  AND  DAM. 


FABMERS     UNION  BESEEVOIE. 
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The  floor  of  Uie  valley  irhere  the  waters  have  been  stored  was  for- 
merly a  broad  stretch  of  meadowland.  Much  of  that  land  had  been 
taken  up  by  ranch- 
men, who  had  es- 
tablished  their 
homes.  The  site  of 
the  dam  was  a  nar- 
row place  in  the 
stream  course  just 
below  the  broad 
flat  -  bottomed  por- 
tion of  the  valley. 
The  constriction 
where  the  dam  has 
been  placed  is  due 
to  a  large  landslide 
area  associated  with 
the  neighboring 
cliff  at  the  north. 
(See  fig.  4.)  In 
this  cliff  there  is  a 
thick,  heavy  flow  of 
lava  over  a  volcanic 
tuff  or  breccia. 
Such  conditions  are  very  favorable  for  landslides  and  have  caused 
similar  accumulations  at  many  places  in  the  range. 

The  dam  is  built  of  earth  and  rock  and  contains  a  concrete  core 
wall.  (See  PI.  I,  B.)  It  is  about  100  feet  high  and  400  feet  wide  and 
appears  to  be  watertight.  The  tunnel  and  spillway  (fig.  5)  are  near 
the  south  side  of  the  valley 
and  are  cut  through  rock, 
which  is  in  place,  though 
somewhat  fractured.  The 
level  of  the  spillway  per- 
mits waters  to  accumulate 
in  the  reservoir  to  a  height 
of  85  feet  just  above  the 
dam,  and  with  that  height 
of  water  there  would  he  a 
reservoir  7  miles  in  length 
and  from  a  quarter  to  half  a  mile  in  width.  The  capacity  of  t^e 
reservoir  has  been  estimated  at  4,500  acre-feet. 

Before  constructing  the  dam  some  prospecting  was  done  by  tunnel- 
ing into  the  great  landslide  mass  at  the  north  side  of  the  stream 
course.    Bedrock  was  not  found,  and  it  could  not  have  been  expected 


FiouHE  4. — Sketch  map  abowInK  the  seologlc  condltlollB  Im. 
medlBletr  adjoin Ine  tbe  dam  of  the  Farmcn'  Union 
reaerrolr.  1,  Conttol  lates;  2,  lower  oitenlDg  of  tonael; 
S,  4.  6,  6,  places  nb^re  aeepage  flows  havo  been  nolnd ; 
7,  anenlBT  debris  oppoalte  lower  end  et  iplllwrnj;  B,  eon- 
cimpi  9,  10,  c«n;oii  walls ;  A-B,  position  of 
section  shown  In  llgure  S. 


FiGCHB  B. — CroM    Bectloa   along   the    line   A-B 
Bsure   1.     Tbe  diaganal   lining  simpir 
tbe  eitent  of  the  consoililsted   rock   formations, 
which  lie  nwrlf  borliDDtal. 
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unless  the  tunneling  had  gone  perhaps  a  quarter  of  a  mile,  so  as  to 
reach  the  north  waU  of  the  canyon.    (See  fig.  5.) 

This  reservoir  has  proved  to  be  very  serviceable,  and  the  waters 
are  furnished  to  ranchmen  and  farmers  in  the  San  Luis  Valley. 
Some  difficulty  has  been  encountered,  however,  for  the  waters  have 
seeped  through  the  landslide  mass  around  the  north  end  of  the  dam, 
and  have  come  out  into  the  stream  a  short  distance  below  the  dam. 
(See  fig.  4.)  There  is  one  locality  where  seepage  is  noticeable  from 
the  dampness  of  the  ground,  and  one  other  very  near  the  dam  (3, 
fig.  4)  where,  during  September,  1915,  there  was  some  water  flowing. 
These  indications  of  seepage  were  present  at  a  time  when  the  water 
in  the  reservoir  was  very  low.  In  June,  1916,  when  the  waters  stood 
much  higher  in  the  reservoir  than  during  the  preceding  fall  and 
yet  far  below  the  maximum  possible  height,  the  seepage  at  both  the 
north  and  south  ends  of  the  dam  was  notably  free.  At  the  south 
the  waters  came  through  the  much  fractured  rock  near  the  lower  tun- 
nel opening  and  issued  as  a  cascade  6  to  8  feet  wide.  ( See  2,  fig.  4, 
and  PI.  I,  C, )  More  of  the  fractured  rock  should  have  been  removed 
before  the  dam  was  constructed.  At  the  north  side  of  the  dam  small 
streams  were  issuing  at  points  marked  3,  4,  5,  and  6  in  figure  4, 
through  the  landslide  material.  (See  PL  II,  A  and  B.)  Between 
points  4  and  5  the  entire  bank  was  saturated,  and  waters  were  flow- 
ing freely  into  the  stream.  At  point  5  an  old  testing  tunnel  had 
become  the  channel  of  an  underground  stream  which  issued  here. 

The  possibility  of  checking  this  seepage  by  cribbing  is  under  con- 
sideration, and  every  effort  will  be  made  by  those  in  charge  of  the 
project  to  prevent  this  leakage  from  l)£»coming  serious  or  endangering 
the  success  of  the  project.  The  landslide  mass  through  which  the 
waters  seep  appears  to  consist  of  very  coarse  material  mixed  indis- 
criminately with  finer  detritus.  If  a  bodv  of  landslide  material 
contains  sufficient  clay  to  block  up  the  interstitial  spaces  and  thus 
form  an  impervious  mass,  it  may  be  safely  used  to  retain  water. 
Here  the  waters  have  evidently  passed  through  an  eighth  to  a  quarter 
of  a  mile  of  this  material.  It  is  conceivable  that  as  the  waters  pass 
through  they  may  carry  and  deposit  clays  in  just  such  places  as  to 
block  up  the  subterranean  routes,  but  on  the  other  hand  there  is  evi- 
dently the  danger  of  waters  going  through  in  such  volume  and  with 
such  velocity  that  the  finer  materials  in  the  landslide  mass  may  be 
washed  out  and  the  underground  routes  become  larger  and  larger. 

IQNACIO  KESEBVOIB.i 

On  a  high  bench  west  of  the  canyon  of  Animas  River  in  the  En- 
gineer Mountain  quadrangle  a  hirge  supply  of  water  is  held  in  what 

» The  report  on  this  reservoir  is  basod  lar^fply  on  field  work  done  by  KlrtloT  F.  Mather. 
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is  colled  the  Ignado  reservoir  (fig.  6).  The  nearest  railroad  station 
is  Tacoma,  but  the  reservoir  may  be  easily  reached  from  Durango 
by  road,  a  distance  of  about  22  miles.  The  waters  are  turned  through 
a  great  flume  into  a  lesser  reservoir  near  the  brink  of  the  canyon 
wall,  and  then  through  a  smaller  flume  down  the  canyon  wall  and 
through  a  power  plant. 

The  reservoir  site  is  in  a  country  of  slight  relief  and  rolling  to- 
pography, where  glacial  ice  has  rubbed  off  the  hilltops  and  removed 

EXPLANATION 


Gladal  monmes  of 
the  Wisconaii  st^ 


Lava  flows  or  ottur 

volcanic  formauoni  mar 

or  at  tb«  lorfaM 


2  Mires 


FIOORI  6. — Hap  of  ■  part  ot  tbe  Boglaeer  Uountalii  quadraiiKle,  abowltlB  the  location 
aod  topogisphlc  relatlona  of  tbe  Ignacta  reaerroir  aad  tlie  dlatrlbuUon  of  Ow  loose  or 
unconsolidated  formatloDS  within  the  area  shown.  Tbe  bencb  on  which  tbe  reservoir 
Ilea  hu  been  ■everel]'  glaciated,  and  tbere  is  a  scattering  of  glacial  drift  over  moat 
of  Its  HDrfacc. 

most  of  the  loose  material.  There  is  a  thin  scattering  of  glacial 
drift  on  the  bench  in  the  vicinity  of  the  reservoir,  and  a  small  area 
of  ground  moraine  at  the  west  side  near  the  lower  end.  The  area 
now  covered  by  the  waters  of  the  reservoir  may  have  held  several 
small  glacial  Inkes,  similar  to  the  ponds  and  marches  on  the  same 
bench  north  and  south  of  the  reservoir  site. 

A  dam  with  a  vertical  face  of  about  52  feet  in  the  center  was  con- 
structed, and  sevei-ai  small  streams  were  turned  into  the  baan.    T^ 
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dam  is  built  of  log  cribbing  with  rock  fill.  (See  PL  IX,  C.)  It  is 
faced  with  three  thicknesses  of  planking  with  tar  paper  between. 
Ordinarily  this  dam  will  hold  from  48  to  50  feet  of  water.  No  over- 
flow is  allowed,  for  the  waters  come  into  the  reservoir  through  flumes 
and,  when  necessary,  may  easily  be  diverted.  The  outlet  from  the 
reservoir  is  through  a  large  pipe  in  the  dam,  and  thence  into  a  6-foot 
concrete  tunnel  through  a  morainic  hill.  The  intention  may  have 
been  to  rest  this  dam  upon  bedrock  throughout  its  length,  but  as 
several  serious  leakages  have  occurred  beneath  the  dam  it  appeaiE 
that  the  base  of  the  dam  was  not  at  all  places  below  the  glacial  d3>ris. 
The  dara  was  not  constructed  at  so  great  expense  or  with  so  much 
care  as  many  of  the  more. modern  structures,  and  there  is  alwayE 
some  leakage.  It  has  been  reported  that  twice  in  the  history  of  the 
reservoir  large  leaks  have  developed.  The  timbers  are  now  ver? 
badly  rotted,  and  the  remaining  life  of  the  dam  would  appear  to  be 
relatively  short. 

KOAS  CAKYON  BEBEBTOIB. 

A  short  distance  above  the  junction  of  Road  Canyon  with  the 

canyon  of  Crooked  Creek,  in  the  central  part  of  the  San  Cristobul 

quadrangle,    there    is  i 

small  reservoir   (fig,  T). 

The  valley  has  a  broad. 

open,   flat-bottomed  area 

immediately   upstream 

from  n  few  morainic  hills, 

and  it  was  conceived  bj 

persons   who    wished  an 

extra    supply    of    water 

that  a  small  dam  thrown 

across  the  valley  at  these 

morainic     hills     wouH 

make  it  possible  to  store 

Lorafiqwsai-o&ervid..     Water.    Thedamisameie 

neBrarcd;ifae  surface      embankment  of  earth  and 

t         %        o  I  Mile'  stone,  of  very  simple  con- 

'—  '  "' — ' — '~      ~"        '  struction,  and   though  it 

F.ocBE7.-Map  of  a  part  of  tlu;  &m  Cristotai  quad-     jg  leaking  badly  not  verr 

rangLe,  ghowliiK  the  localloa  and  tOpoRraphlc  rclB-  i  i  -  j 

tloDB  or  (lie  Bond  Cbljoq  reservoir  Bad  the  dlatrl-       mUch    haS    been     mveStCQ 

'";!lr,''  ti  "'!J'"'k*  '"  unoonaoiidatfd  spdiments     [„  j^  nor  very  much  ex- 

wlthln   the  urea  abown,  ■^ 

pected  from  it.  The  res- 
ervoir is  now  used  as  a  fish  pond.  It  illustrates  the  use  of  a  reces- 
sional moruine  and  the  nieadowland,  probably  a  former  lake  basin; 
just  upstream  from  the  moraine. 
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SiLNIA  JtABIA  BE8£BV0IB. 

Santa  Maria  Lake  is  a  beautiful  body  of  water  resting  in  a  long, 
narrow  trough  just  west  of  Bristol  Head,  4  miles  northwest  of  Ante- 
lope Springs,  near  the  eastern  margin  of  the  San  Cristobal  quad- 
rangle. (See  fig,  8  and  PI.  Ill,  A.)  This  reservoir  may  be  reached 
from  Creede  by  road,  a  distance  of  approximately  19  miles. 

EXPLANATION 


Glacial  moraina  of 
Uie  Wisconsin  stage 


Lavs  flows  or  other 

volcanic  fonnationB  near 

or  at  the  surface 


Viei-M  8, — Map  at  >  part  o(  Ibc  San  Crlatobel  guadranilp,  abowtn^  the  location  and 
topograpblc  relatloiiB  of  Santa  Uarla  reaervolr  and  the  dlRtribattan  of  the  looac  or 
nDCODBoll dated  (ormatlons  wllhln  tbe  area  sbown. 

The  nearly  vertical  wall  of  Bristol  Head,  to  the  east  of  the  lake, 
rises  over  3,000  feet  above  the  lake  level.  To  the  west  there  is  also  a 
steep  wall,  but  this  tme  rises  only  800  feet  above  the  average  level  of 
the  lake.  Vast  quantities  of  debris  have  fallen  from  the  cliff  imme- 
diately below  Bristol  Head  and  partly  filled  the  depression  just  west 
of  the  mountain  and  south  of  the  lake.  (See  fig.  8.)  There  is  now 
a  landslide  mass  at  this  locality  fully  1  mile  wide  and  500  feet 
thick,  extending  for  a  distance  of  nearly  2  miles  along  the  axis  of  the 
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trough.    At  the  north  end  of  the  lake  basin  there  are  deposits  oi 
glacial  drift  resting  upon  bedrock. 

To  provide  for  the  storage  of  flood  waters  in  this  lake  bion  an 
earth  dam  with  a  concrete-core  wall  was  constructed  at  th«  north  end, 
a  tunnel  was  driven  at  the  northwest  corner  near  the  dam,  a  spillway 
was  built  near  the  dam,  and  an  aqueduct  was  constructed  so  tiut 
the  surplus  waters  of  Clear  Creek  could  be  conducted  to  this  ba^n. 
(See  PI.  III.)  The  waters  of  several  Rmall  streams  from  the  east 
were  also  led  into  the  lake  basin.  The  tunnel  driven  throujj^  bed- 
rock near  the  northwest  comer  is  the  outlet  of  the  reserroir,  and  tbe 
waters  as  they  issue  from  the  tunnel  follow  an  open  ditch  and  scxm 
enter  Clear  Creek,  thence  flowing  into  the  Eio  Grande.  Thw 
waters  are  furnished  to  the  ranchmen  and  farmers  of  the  San  Lais 
Valley.  The  engineering  work  and  the  mechanical  construction  ap- 
pear to  have  been  excellent.  There  is  no  leaking  through  or  about 
the  dam,  and  a  very  considerable  head  of  water  has  been  succesBfnll? 
held.    At  the  south  end,  where  the  recent  landslide  masses  form  tlu 


FiQCBB  9. — DlaKrammatk  DDrth-soath  lecUon  tbrousb  tbe  Santa  HbtU  tion^  lU 
actual  pmltlon  of  the  bedrock  auiface  beneatb  the  lake  and  bcnath  the  brndalUe  mui 
■ODtta  o(  the  lake  can  Dot  be  given  accurately. 

rim  of  the  lake  basin  (fig.  9),  large  quantities  of  water  have 
seeped  through  and  is.sued  fully  a  mile  and  a  half  to  the  south,  form- 
ing a  small  pond  from  which,  at  times,  a  rushing  torrent  flows  bf 
Antelope  Springs  and  into  the  Rio  Grande.  About  the  south  end  of 
the  reservoir,  however,  no  signs  of  leakage  appear  in  the  great  land- 
slide mass;  the  surface  is  apparently  entirely  unmodified.  The  water 
appears  at  the  south  margin  of  this  landslide  mass  not  from  a  single 
exit,  like  an  underground  stream,  but  probably  from  general  seepage 
through  this  huge  mass  of  material.  About  half  a  mile  below  the 
reservoir  there  is  a  small  lake  or  pond  in  the  midst  of  the  landslide 
masses  (fig.  9),  and  the  waters  in  this  small  lake  have  risen  and 
fallen  with  the  waters  in  the  reservoir.  It  is  clear,  therefore,  that 
the  seepage  is  quite  free  ii-s  far  south  as  this  lake,  and  the  stream 
already  referred  to  makes  it  also  verj'  apparent  that  the  seepage  is 
free  still  farther  south  and.  indeed,  throughout  the  mass. 

During  September,  1915,  the  waters  were  being  withdrawn  from 
this  reservoir.  Exploratory  work  was  being  carried  on  at  the  south 
margin  to  determine  the  nature  of  the  material  where  the  leakage 
vas  taking  place.    This  work  did  not  seem  to  yield  significant  results, 
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.    SANTA  MARIA  RESERVOIR  FROM  THE  NORTH. 
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B.    SANTA  MARIA  RESERVOIIl  DAM  FROM  THE  NORTH. 
A  (fntimiy  appaan  near  the  left  end  of  the  dam.    Tha  control  gala  is  regutnted  from  tba 
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B.  MOSCA  RESERVOIR  DAM  AND  SPILLWAY.  SHOWING  THE  GORGE  BELOW  THE 
RESERVOIR  SITE  IN  THE  FOREGROUND.  C.  TUNNEL  OUTLET  AT  MOSCA  RES- 
"="""*.  SHOWING  THE  CRIBBING  PUT  IN  AFTER  THE  FIRST  BREAK  OCCURBED 
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and  could  not  be  expected  to,  for  the  nature  and  composition  of  a 
landslide  mass  can  not  be  judged  as  well  from  a  few  small  openings 
as  from  the  surface.  Tunnels  and  pits  might  be  driven  at  a  hun- 
dred places,  and  the  only  result  could  be  to  ascertain  that  the  mass 
is  heterogeneous  detrital  material  that  has  fallen  from  the  cliff  at  the 
east.  It  is  composed  of  large  and  small  angular  blocks,  rocks  crushed 
in  the  falling  and  intermingled  with  some  silts  and  sands.  It  may 
even  have  within  it  vast  quantities  of  forest  growth,  which  were 
enveloped  in  the  sliding  of  the  rocks  from  the  mountain,  and  it  may 
vary  in  composition  greatly  within  short  distances.  It  is  safe  to 
estimate  its  thickness  at  500  feet,  and  its  areal  extent  is  shown  in 
figure  8.  Much  of  the  torrential  wash  just  south  of  this  landslide 
area  is  interpreted  as  a  mantle  over  other  landslide  material. 

A  serious  problem  confronts  the  engineer  here,  for  the  south  end 
of  the  reservoir,  where  seepage  is  so  generally  taking  place,  has  a 
very  irregular  outline.  The  covering  of  this  slope  with  clay  has  been 
considered.  One  dilRculty  appears  at  once  in  the  lack  of  an  abun- 
dant supply  of  clay  near  at  hand,  and  if  this  were  done  it  would  be 
very  expensive.  This  reservoir  presents  a  very  interesting  question. 
If  the  waters  will  not  stand  at  the  height  desired,  why  is  it  that  the 
lake  waters  have  been  held  at  all?  It  seems  possible  that  the  lower 
portion  of  the  landslide  mass  may  be  more  dense;  perhaps  the  greater 
pressure  has  filled  in  more  of  the  spaces.  Possibly  after  the  waters 
began  to  accumulate  in  this  depression  behind  the  landslide  mass 
they  leaked  freely  through  to  the  south  for  many  years.  This  leak- 
age or  seepage,  however,  passing  through  2  miles  of  material,  may 
have  finally,  with  the  help  of  rainfall  and  the  waters  seeping  through 
the  ground  from  above,  sealed  up  with  fine  materials  the  passageways 
that  had  been  used — effecting  a  sort  of  automatic  puddling.  Through 
this  natural  process  the  lower  portion  of  the  landslide  mass  may  have 
become  almost  if  not  quite  impervious.  It  is  true  that  before  the 
reservoir  project  was  undertaken  there  was  some  water  flowing 
southward  toward  Antelope  Springs.  Those  interested  in  the  reser- 
voir are  justified  in  hoping  that  as  the  waters  continue  to  seep 
through  they  may  again  seal  up  the  underground  routes  and  thus 
make  the  landslide  mass  at  the  south  end  a  satisfactory  barrier.  It 
was  believed  by  those  in  charge  of  the  reservoir  that  the  leakage  dur- 
ing 1916  was  less  than  during  the  preceding  years.  If  the  leakage 
continues  for  a  term  of  years  without  ever  causing  a  real  break 
through  to  the  south  it  seems  that  the  same  processes  that  made  pos- 
sible the  lake  may  make  possible  the  larger  reservoir. 

In  June,  1916,  when  this  site  was  revisited,  the  water  was  much 
higher  in  the  reservoir  than  during  the  preceding  September,  and 
yet  the  outflow  to  the  south  was  much  less,  and  the  water  in  the  small 
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lake  in  the  landslide  mass  just  south  of  the  reservoir  had  not  riEen 
with  the  rise  of  the  water  in  the  larger  basin.  Perhaps  the  ground 
was  still  frozen  beneath  the  surface  at  that  time  early  in  the  season, 
but  if  not,  the  reduction  in  the  amount  of  seepage  would  seem  to 
have  removed  all  fear  of  serious  trouble  from  that  source.  There 
are  no  other  serious  difficulties  associated  with  this  project. 

KOBCA  REaEBVOIB. 

By   J,    PUtB.    HUNTHL 

The  dam  of  the  Mwca  reservoir  project  was  built  in  1913-14  to 
impond  and  store  the  flood  waters  of  the  Beaver  Creek  basio  for 
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PiatJRE  10. — Map  at  a  part  of  tbe  Creeds  quadranglei  mbotrltiK  (he  location  and  topi- 
graphlc  relatloDB  of  the  Uosca  reservoir  aod  the  dlstiibuUoD  ot  tbe  loose  or  UDnmsoU- 
dated  formatloDB  vlthin  tbe  area  BbowD. 

the  irrigation  of  lands  in  San  Luis  Valley.  It  is  2  miles  from  the 
junction  of  Beaver  Creek  with  the  South  Fork  of  the  Rio  Grande  and 
5.6  miles  in  an  air  line  west  of  south  (about  7  miles  by  road)  from 
the  town  of  South  Fork,  on  the  Creede  branch  of  the  Denver  &  Rin 
Grande  Railroad.  (See  fig.  10.)  The  dam  is  built  across  a  narro'^ 
gorge  at  the  lower  end  of  a  long  stretch  of  meadow  land  known  as 
Beaver  Creek  Park  and  is  of  sufficient  height  to  back  water  for  ap- 
proitimately  IJ  miles.    The  valley  for  this  distance  has  a  flat  allu- 
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vial  floor  several  hundred  feet  in  width,  from  which  the  slopes  rise 
rather  abruptly  on  either  side  from  8,800  feet  above  sea  level  to  more 
than  10^00  feet. 


The  distinctive  feature  of  the  ^te,  which  has  attracted  the  en- 
gineer, is  the  abrupt  closing  in  of  tJie  broader  valley.  A  low,  sparsely 
timbered  morainal  hill  with  gentle  slopes  and  flat  or  rolling  profile, 
rising  200  feet  or  more  above  the  meadow,  affords  a  natural  barrier 
to  the  valley,  crowding  Beaver  Creek  against  the  foot  of  t^e  steep 
north  slope,  where  it  is  restricted  to  a  narrow,  V-shaped  canyon. 
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At  the  entrance  of  this  canyon  is  the  dam,  which  is  of  concrete, 
reinforced  by  batter  masonry  on  the  downstream  side,  and  is  85  feet 

high  at  its  breast  and  210  feet  long 
at  the  top.  It  is  built  between  walls 
of  considerably  shattered  volcanic 
rock  of  the  variety  known  as  quartz 
latite.  However,  west  of  the  dam 
this  rock  continues  for  only  a  short 
distance,  giving  way  to  unconsoU- 
dated  glacial  debris  as  indicated  in 
the  profile  section  of  figure  12.  (See 
also  PL  IV.)  This  volcanic  rock 
forms  a  knob  between  the  canyon  and 
and  the  extensive  deposit  of  sand  and 
gravel  which  rests  against  and  on  it, 
filling  a  former  channel  in  the  harder 
rock  to  an  unknown  depth.  The  out'- 
let  of  the  reservoir  is  by  a  channel 
driven  through  this  knob  of  latite 
in  a  northwesterly  direction  for  ap- 
proximately 40  feet. 

The  conditions  can  be  best  under- 
stood from  the  sketch  of  the  dam 
and  its  environs  (fig.  11)  and  the 
profile  section  across  Beaver  Creek 
just  below  the  reservoir  (fig.  12). 
These  drawings  are  intended  to  pre- 
sent the  relations  graphicaUy  rather 
than  to  afford  accurate  maps  of  the 
locality.  It  should  be  imderstood 
that  the  contact  between  the  volcanic 
rock  and  the  gravels  in  the  profile  of 
figure  12  is  hypothetical  except  for 
the  points  where  it  meets  the  surface. 
The  Mosca  dam  project  is  of  espe- 
cial interest  as  a  demonstration  of 
the  inefficiency  of  a  barrier  of  a 
certain  geologic  type  to  retain  water. 
Several  attempts  have  been  made  to 
fill  the  reservoir,  but  in  each  attempt 
the  porosity  of  the  barrier  hill  has 
led  to  leaks  and  to  serious  washouts. 
The  first  of  these  developed  around  the 
siouthwest  end  of  the  dam  (see  PI.  IV,  (7),  and  later  ones  resulted  in  a 
large  washout  along  the  road  1,500  feet  to  the  northwest.    (  See  fig.  IL ) 


MOSCA  BESEBVOIB.  29 

Although  the  physiographic  features  that  led  to  the  selection  of 
tlie  dam  site  are  rather  obvious,  the  peculiar  geologic  conditions  that 
make  it  undesirable  and  have  resulted  in  its  failure  to  retain  water 
are  apparent  only  after  more  detailed  study.  It  is  the  purpose  of  this 
section  to  describe  briefly  the  character  of  the  formations  and  their 
structural  relations ;  also  to  discuss  the  causes  of  failure  and  certain 
suggested  remedies. 

The  bedrock  in  the  vicinity  of  the  Mosca  dam  is  entirely  of  one 
kind,  which  may  be  best  classified  as  a  quartz  latite.  This  is  the 
prevalent  type  of  rock  in  the  region  and  has  an  extensive  distribu- 
tion along  the  lower  slopes  of  Beaver  Creek  ^and  throughout  the 
length  of  the  South  Fork  of  the  Rio  Grande.  It  is  white  or  pinkish 
gray,  is  of  easy  fracture,  and  consists  of  scattered  crystals  of  feld- 
spar, biotite,  augite,  and  orthoclase,  less  than  2  millimeters  in  diam- 
eter, set  in  a  rather  dense  and  obscure  groundmass  composed  chiefly 
of  an  indistinctly  polarizing  aggregate,  feldspar  microlites,  tridy- 
inite,  and  ferritic  material.  The  lava  has  picked  up  a  few  angular 
fragments  of  andesites  and  other  rocks  in  the  process  of  its  eruption, 
and  where  weathering  has  taken  place  small  quantities  of  calcite, 
chlorite,  and  limonitic  minerals  have  been  developed.  This  latite 
has  been  poured  out  as  molten  lava,  cooled,  buried  by  younger  flows, 
and  later  exposed  by  stream  erosion. 

The  rock  knob  at  the  southwest  end  of  the  dam  and  the  immediate 
rock  mass  at  the  other  end  of  the  dam  have  been  interpreted  as  of 
landslide  origin.  This  would  accoimt  for  the  hillside  topography 
shown  in  Plate  V,  5,  and  for  the  shattered  condition  of  the  dock  at 
both  ends  of  the  dam.  A  serious  leakage  has  occurred  around  the 
northeast  end  of  the  dam. 

A  close  examination  of  the  nature  of  the  morainal  deposits  west 
and  north  of  the  bedrock  knob  shows  that  the  faith  which  has  mani- 
festly been  reposed  in  them  is  hardly  warranted.  A  small  cut  west 
of  the  dam  and  above  the  road  reveals  its  porous,  unconsolidated 
character  and  shows  that  it  consists  of  irregular  stratified  sand  and 
fine  gravel. 

A  better  exposure  has  resulted  from  the  washouts  along  the  road 
some  1,500  feet  to  the  northwest.  Here  nearly  50  feet  of  section 
shows  alluvial  layers  of  irregular,  cross-bedded  coarse  and  fine  sands, 
grits,  gravels,  and  conglomerates. 
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Partial  section  of  material  exposed  in  the  largest  wasKofU  from  Mosca  reservoir. 

Feet 

1.  Coarse  conglomerate 10 

2.  Rather  fine,   homogeneous,   unconsolidated   sand   of  dark- 

brown  color,  saturated  with  water 10 

3.  Black  sandy  member  with  thin  layers  of  volcanic  pebbles. 

largely  black  glass,  becoming  coarser  at  base 15± 

4.  Sandy  member,  similar  to  No.  2,  with  thin  lenses  of  grit  and 

fine  gravel 10 

The  pebbles  of  the  conglomerate  are  all  of  volcanic  origin,  such  as 
might  be  derived  from  the  Beaver  Creek  basin,  are  well  rounded, 
and  range  in  size  from  fine  grit  to  boulders  10  inches  in  diameter. 
The  coarser  boulder  beds  show  more  irregular  bedding  and  were 
doubtless  deposited  by  torrential  stream  wash,  whereas  the  sandy 
members  are  even  bedded  and  suggest  delta  or  pond  deposits.  No 
striations  could  be  discovered  on  the  boulders. 

An  examination  of  the  hill  above  the  dam  reveals  at  once  its 
morainal  origin,  for  the  country  west  of  the  dam  for  a  distance  of 
half  a  mile,  included  within  the  8,900- foot  contour  as  shown  on  the 
Ci'eede  topographic  map,  is  of  abnormal  configuration,  is  poorly 
drained,  and  is  covered  with  a  thick  mantle  of  boulders  and  wash. 

Save  for  a  small  V-shaped  area  of  till  on  the  west  wall  immediately 
north  of  the  latite  knob,  the  waters  of  Beaver  Creek  now  travel 
through  a  canyon  of  latite  as  far  as  the  road  bridge  at  the  8,600-foot 
contour  crossing.  At  that  place  the  morainal  debris  comes  down  to 
the  creek  and  for  120  to  150  yards  makes  the  south  side  of  the  stream 
channel.  Below  this  a  wall  of  latite  rises  gradually  downstream. 
From  the  west  end  of  the  reservoir  to  this  point,  just  below  the 
bridge,  an  earlier,  premorainal  stream  probably  flowed  through  a 
fairly  straight  channel,  now  filled  with  glacial  material.  It  was  by 
way  of  this  same  route  that  the  underground  seepage  waters  from 
the  reservoir  found  their  escape.  Below  this  point  the  earlier 
Beaver  Creek  channel  coincides  with  that  of  the  present  stream. 

The  unconsolidated  deposits  here  mentioned  are  believed  to  repre- 
sent the  accumulations  of  debris  gathered  by  great  glaciers  descend- 
ing from  points  high  in  the  adjacent  mountains  of  the  Beaver  Creek 
basin.    After  the  retreat  of  the  glaciers  and  after  the  South  Fork 
had  established  itself  in  a  deepened  channel,  Beaver  Creek  com- 
menced the  task  of  cutting  another  channel,  releasing  its  impounded 
waters,  and  cleaning  its  valley  of  the  vast  accumulations  of  debris. 
In  this  process  it  seems  to  have  found  its  easiest  path  to  be  coincident 
with  its  earlier  channel  except  in  a  stretch  below  the  Mosca  dam  as 
far  as  the  road  bridge.    Here,  by  reason  of  the  immense  accumula- 
tions, it  was  forced  to  cut  an  entirely  new  course  through  the  detrital 
material  and  into  the  harder  volcanic  rocks^  forming  the  present 
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gorge.  This  work  was  the  more  easily  done  by  reason  of  the  immense 
amount  of  unconsolidated  gravel  and  boulders  available  in  the  upper 
course  of  the  basin,  which  increased  the  abrasive  power  of  the  stream. 

Many  of  the  principal  facts  relating  to  the  Mosca  reservoir  were 
established  on  the  ground;  other  details  have  been  acquired  from 
fragmentary  reports  of  persons  who  have  knowledge  of  the  project. 
With  all  the  data  so  far  available  it  is  possible  to  construct  an  in- 
complete history  of  the  project. 

On  the  completion  of  the  dam,  in  the  summer  of  1914,  the  head 
gate  was  closed  and  the  filling  of  the  reservoir  commenced.  The 
rising  water  brought  an  increasing  pressure  against  the  very  porous 
gravel  barrier  which  is  really  the  major  feature  in  the  damming  of 
the  valley.  Immediately  the  water  began  to  seep  around  the  latite 
knob  at  the  southwest  end  of  the  dam,  as  indicated  in  figure  2 — ^the 
knob  which  projects  for  about  90  feet  above  the  valley  floor  through 
the  accumulations  of  sand  and  gravel. 

Before'  the  reservoir  was  two-thirds  full  the  fine  till  began  to  give 
way  and  to  wash  out  so  that  it  became  necessary  to  construct  crib- 
bing filled  with  broken  rock  along  the  upstream  limb. of  the  V- 
shaped  contact  of  the  latite  and  gravel.  (See  PI.  IV,  C.)  A  core 
wall  about  120  feet  in  length  has  been  built  in  a  westerly  direction 
from  bedrock  at  the  contact  of  the  moraine  with  the  latite.  This 
contact  is  said  to  dip  45^  along  the  line  of  the  wall. 

When  the  water  was  allowed  to  rise  in  the  reservoir  a  second  time 
a  much  larger  leak  developed  at  a  point  some  1,500  feet  from  the 
reservoir,  on  the  slope  100  yards  south  of  the  road  bridge.  This 
leak  proved  to  be  even  more  serious  than  the  first  and  quickly  de- 
veloped into  a  disastrous  washout.  The  water  escaped  so  rapidly  and 
abundantly  that  the  soft,  unconsolidated  sands  and  gravels  are 
described  as  having  been  catapulted  out  of  the  hill,  leaving  a  ravine 
as  much  as  20  feet  deep  and  being  washed  down  the  slope  to  the 
valley  bottom  to  form  a  large  torrential  fan.  Although  the  beds 
at  once  became  saturated  and  seepages  appeared  over  nearly  the 
entire  slope,  the  bulk  of  the  water  is  reported  to  have  come  out  at 
about  20  feet  below  the  bottom  of  the  reservoir.  This  leakage 
proved  so  great  and  serious  that  it  was  necessary  to  reopen  the  head 
gate  at  once  and  relieve  the  pressure  from  the  head  of  water  in  the 
reservoir.  For  several  months  during  the  winter  of  1914-15  no  effort 
was  made  to  use  the  dam.  In  the  spring  of  1915  an  attempt  was 
made  to  puddle  the  reservoir  west  of  the  dam  but  without  success. 

The  essential  causes  of  the  failure  of  the  Mosca  reservoir  to  retain 
water  are  clearly  the  presence  of  the  buried  channel  and  the  unusu- 
ally high  porosity  of  the  sands  and  gravels  that  fill  it.  This  poros- 
ity is  shown  by  the  fact  that  at  the  time  of  the  examination  the 
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exposures  in  the  vicinity  of  the  larger  washout  were  saturated  to  a 
high  degree  and  the  sands  and  gravels  were  still  in  the  process  of 
draining,  although  the  water  was  out  of  the  reservoir  save  for  the 
normal  flow  of  Beaver  Creek  through  it.     Furthermore,  the  sur- 
face waters  have  no  doubt  taken  advantage  of  the  porosity  and  loose- 
ness of  the  material  and  have  established  more  or  less  definite  sub- 
terranean channels,  as  is  indicated  by  the  number  of  permanent  and 
periodic  springs  scattered  here  and  there  over  the  area.    The  intakes 
of  the  subterranean  channels  are  represented  by  smaller,  partly 
choked  openings  near  the  base  of  the  gravel  embankment  of  the 
reservoir  a  short  distance  west  of  the  latite  knob.    Flow  lines  of  sand 
and  debris  into  these  holes  indicate  the  passage  of  water  out  of  the 
reservoir.    In  view  of  these  conditions  it  is  not  surprising  that  when 
the  water  rose  in  the  reservoir,  exerting  an  unusual  pressure  against 
the  morainal  barrier,  the  gravels  at  once  became  saturated,  subter- 
ranean channels  were  established,  and  the  breaks  resulted.    It  seems 
clear  that  the  morainal  deposits,  in  this  locality  at  least,  are  not  com- 
petent to  retain  a  large  head  of  water. 

In  view  of  the  large  sum  of  money  already  expended  the  further 
utilization  of  the  project  became  a  very  serious  question  with  the 
promoters,  stockholders,  and  engineers.  It  is  not  within  the  prov- 
ince of  this  report  to  offer  an  opinion  as  to  the  feasibility  of  dimin- 
ishing the  leakage  to  such  an  extent  that  the  reservoir  could  be  used. 
However,  it  is  very  evident  that  to  attempt  to  hold  water  in  the  res- 
ervoir without  reinforcing  the  morainal  end  of  the  dam  would  be 
simply  to  invite  disaster.  Indeed,  from  past  experience  it  is  not  im- 
probable that  the  entire  hill  between  the  reservoir  and  the  washout 
would  be  tunneled  by  the  rush  of  water,  and  possibly  the  buried 
channel  would  be  exhumed.  Puddling  of  reservoir  levees  and  em- 
bankments has  been  found  practicable  in  many  places  but  is  only 
questionably  applicable  to  this  reservoir  because  of  the  absence  in  the 
vicinity  of  silt,  clay,  or  fine  shaly  material  with  which  to  line  the 
embankment.  Revetments  of  masonry,  concrete,  macadam,  asphalt, 
or  logs  have  been  suggested  but  should  be  adopted  only  after  careful 
estimates  by  the  engineei's  as  to  their  cost  and  practicability.  It 
would  be  highly  advisable  as  a  preliminary  step  to  make  a  careful 
survey  in  an  effort  to  ascertain  the  lowest  point  in  the  reservoir  at 
which  leakage  begins.  From  the  meager  geologic  examination  so  far 
made  it  seems  probable  that  the  leaks  may  have  originated  in  the 
floor  of  the  reservoir  itself.  If  this  is  found  to  be  the  case,  a  revet- 
ment of  the  embankment  alone  would  not  be  sufficient,  but  it  would 
have  to  extend  for  greater  or  less  distances  out  upon  the  floor  of  the 
reservoir,  amounting  to  many  hundreds  of  square  yards. 
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8I7PFLEMBNTABT  NOTE  BY  W.   W.  ATWOOD. 

When  tbe  writer  visited  the  Mosca  reservoir  in  June,  1916,  a  group  of  engi- 
neers were  at  work  trying  to  prevent  the  lealcage.  On  the  east  side  of  the  dam, 
where  the  leakage  had  been  very  great,  they  were  drilling  holes  at  intervals  of  10 
feet  and  to  the  depth  of  90  feet  Farther  south  the  interval  between  the  holes 
was  to  be  20  feet  Into  these  holes  they  were  forcing  cement  under  a  pressure 
of  40  pounds,  in  the  hope  that  the  cement,  spreading  through  the  fractured 
rock,  would  seal  up  all  openings.  The  holes  were  drilled  from  the  roadway,  and 
90  feet  took  them  nearly  to  the  bottom  of  the  reservoir. 

Another  project  was  also  under  way.  «A  tunnel  had  been  driven  into  the 
moraine  a  little  to  the  north  of  west  from  the  cribbing  near  the  west  end  of 
tlie  dam.  This  tunnel  had  been  driven  180  feet,  and  it  was  proposed  to  take 
it  135  feet  farther.  The  base  of  the  tunnel  is  13  feet  below  the  reservoir  gate 
and  about  7  feet  above  the  base  of  the  reservoir.  At  intervals  of  6  feet  per- 
forated iron  pipes  were  driven  from  the  roof  of  the  tunnel  upward  through 
the  sands  and  gravels,  in  the  hope  that  the  waters  seeping  into  the  moraine 
would  enter  the  small  holes  in  the  pipes  and  be  led  ofF  by  the  tunnel  into  the 
stream  b^ow  the  dam,  thus  preventing  the  seepage  from  passing  through  the 
moraine  and  washing  it  away. 

Early  in  the  season,  before  this  work  had  been  completed,  the  gate  was 
closed  and  the  water  was  allowed  to  rise  in  the  reservoir.  Before  it  reached 
the  desired  height  a  serious  leak  occurred  near  the  east  end  of  this  tunnel.  It 
appeared  that  not  all  the  escaping  water  was  accommodated  by  the  pipes  then 
in  place,  and  that  some  ran  directly  into  the  tunnel.  This  water  washed  with 
it  sands  and  gravels,  and  a  large  mass  fell  and  broke  down  that  end  of  the 
tunnel.  The  engineers  concluded  that  the  timbering  must  be  made  exceedingly 
strong  and  that  the  work  must  be  carried  much  farther  into  the  hill  before  the 
water  was  again  allowed  to  rise.  It  was  their  intention  to  complete  the  work 
thus  outlined  and  in  the  spring  of  1017  to  make  another  trial.  The  device 
put  into  the  moraine  was  called  a  "drip  curtain." 

TEBBACE    BESEBVOIB. 

The  Terrace  reservoir  lies  in  the  valley  of  Alamosa  Creek,  in  the 
foohill  belt  of  the  San  Juan  Mountains  in  Conejos  County,  and  may 
be  easily  reached  by  road  from  Monte  Vista  or  Alamosa.  (See 
PL  V,  -4.)  The  **  terrace,"  or  broad  alluvial  land  that  receives  the 
water  from  this  reservoir,  is  a  torrential  fan  spread  out  in  the  San 
Luis  Valley  beyond  the  base  of  the  mountains.  From  the  apex  this 
fan  slopes  radiaUy  to  the  northeast,  east,  and  southeast  Near  the 
apex  the  slope  is  75  feet  to  the  mile.  Farther  east,  lower  on  the  fan, 
the  slope  is  10  feet  to  the  mile.  This  fan  form  is  admirably  adapted 
to  irrigation,  as  the  main  supply  canal  may  be  brought  to  the  apex 
of  the  fan  and  lateral  canals  constructed  to  the  right  and  left  so  as 
to  supply  waters  over  the  entire  area  of  the  deposit.  Near  the  apex 
the  alluvial  material  is  coarse  and  in  places  bouldery,  but  farther 
from  the  mountains  it  is  finer  and  very  suitable  for  agriculture. 
Thousands  and  thousands  of  sheep  that  spend  their  summers  high 
on  the  mountains  are  brought  to  these  lowland  fields  for  the  wint^ 
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and  fattened.  Thousands  of  bogs  are  here  fattened  for  ma 
During  tlie  winter  horses  and  cattle  that  have  been  on  the 
range  during  the  summer  are  brought  into  the  irrigated  fields  and 
The  dam  is  5  miles  above  the  mouth  of  the  canyon.  It  is  an 
toense  earth  dam,  reported  to  be  the  largest  in  the  United  Statec 
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is  I'l"'  fcpt  high,  ninl  il~  h'lijrib  at  tlio  base  alonp  tlic  course  of 
stream  bed  is  1,07.)  feotl-  .\  tunnel  dri\-en  throngli  hard  rock 
fig.  13)  is  l.OOO  feet  long.  7  feet  high,  and,  on  the  average,  12 
wide.  The  di^ihiuge.  under  a  70-foot  head,  is  estimated  at  1 
cubic  feet  pt-f  second. 

The  dam  is  coiiKtnicted  in  a  narrow  rock  gorge  just  downstn 
from  a  broad,  open  portion  of  the  valley.    (See  Pis.  VI  and  V. 
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In  fi^re  13  the  generaL  topography  and  geologic  conditions  of  the 
area  surrounding  the  site  of  the  dam  are  given.  The  glacial  moraine 
at  the  north,  east,  and  south  indicates  that  for  some  time  the  front 
of  a  great  alpine  glacier  rested  at  just  this  place  in  the  valley  of  Ala- 
inosa  Creek.  While  the  ice  was  present  the  drainage  must  have 
found  an  outlet  in  part  from  beneath  and  in  part  from  the  surface  of 


the  glacier.    The  heavy  morainic  deposit  completely  filled  the  pre- 
glacial  route  of  the  stream,  and  as  the  ice  retreated  the  water  issuing 
from  the  melting  glacier  found  a  route  at  the  south  margin  of  the! 
valley  and  there  cut  a  narrow  gorge  in  rock  (PI.  VII,  C).    This 
gorge,  due  to  a  disarrangement  of  drainage  caused  by  the  glacier  and 
the  moraine  it  left,  was  chosen  for  the  site  of  the  dam  because  of  thet 
firm  rock  walls  on  either  side.    In  constructing  the  dam  a  concrete 
baffling  wall  was  firmly  ce- 
mented to  the  sides  of  the 
gorge,  and  a  concrete  core 
wall  70  feet  high  was  also 
constructed.     (See  figs,  14 
and  15.)     The  earth  ma- 
terial used  was  chiefly  of 
glacial   origin,   and   a   gi- 
gantic puddle  was  formed 
in  the  central  portion  of 
the  gorge  about  the  core 
wall,  so  that  an  abundance 
of    fine    material    might 
settle  in  that  portion  of  the 
proposed  dam. 

A  lower  earth  dam  or  filling  was  constructed  a  little  to  the  north- 
east and  above  the  former  channel  of  the  stream.  Through  this  fill- 
ing a  spillway  has  been  provided. 

This  reservoir  draws  upon  a  large  drainage  area.  Alamosa  Creek 
and  its  tributaries  head  far  back  in  the  high  mountain  area  to  the 
west,  and  there  is  usually  an  abundance  of  water  available.  At  points 
2, 3,  and  4  on  figure  13  large  leakages,  which  appear  as  springs  on  the 
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loose  glacial  debris,  but  when  seen  in  the  Bummet  of  1916  the  witer 
was  issuing  in  a  remarkably  clcur  condition.  Tliose  in  charge  of  this 
reservoir  report  that  the  seepages  began  soon  after  the  water  wis 
first  allowed  to  rise  and  have  occurred  during  ea«h  succeeding  oea- 
.  son.  The  leaks  suggest  the  danger  of  lai^  subterranean  rooteB 
through  the  glacial  material,  perhaps  at  the  base  of  the  drift  ind 
on  tlie  rock  surface,  but  as  they  have  continued  for  several  y«us 
without  producing  any  serious  damage  there  seems  to  be  no  imme- 
diate reason  for  fear. 

IJL  JA&A  SESKaVOIB. 

The  La  Jara  reservoir  is  on  \ai  Jura  Creek,  in  Conejos  County, 
and  may  be  reached  most  easily  from  Monte  Vista.  It  was  con- 
structed in  1909.  The  geologic  conditions  of  the  area  surroundinj; 
the  lower  end,  where  a  dam  has  been  placed,  are  shown  in  figure  16. 

At  the  north  there  are 
dense  lava  flows  fonn- 
ing  the  gentle  slopes 
of  this  foothill  region, 
but  at  the  south  there 
is  a  heavy  frontal  mo- 
raine of  an  ancient 
glacier.  The  ice  ap- 
pears to  have  ad- 
vanced from  the  high 
mountain  region  a 
little  to  the  south  of 
west  and,  on  reaching 
this  lowland  country, 
^  deployed  northward 

^  that  La  Jara  Creek 
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hills.  On  the  retreat 
of  the  ice  the  stream  cut  a  iiairow  gorge  in  tlie  margin  of  the 
moraine,  where  the  present  outlet  of  the  reservoir  is  placed. 

Two  dams  were  constructed  of  the  surface  debris  of  glacial  origin 
and  the  weathered  volcanic  rocks.  One  is  759  feet  long  and  54 
feet  high.  The  other  and  more  northern  one  is  23J  feet  high  and 
49.^  feet  long.  The  slope  of  these  earlh  dams  is  3  to  1  on  the  upper 
side,  facing  the  reservoir,  and  2  to  1  on  the  lower  side.  Their  crests 
arc  about  1.5  feet  above  high  water  and  12  feet  wide.  A  spillway  has 
been  provided  through  a  low  trough  just  north  of  the  glacial  mo- 
raine, by  a  route  that  wns  probably  used  by  the  stream  when  the 
ice  was  present.     Tlie  estimated  area  tributary  to  this  reservoir  is 
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A.    GENERAL  VIEW  OF  TERRACE  RESERVOIR  DAM  FROM  THE  SOUTil, 

The  rock  wsll*  o(  the  eonvon  Bimmr.  in  Uio  mldda  grounJ  "  tho,piU»By  used  during  lh«i»ru(n»- 
tioD.  Ihe  hou«  from  which  the  eaten  am  n>nuall«l  ■ppeanon  Ibad^m.  and  Iho  line  rf  hiJJ,  in 
ttae  diilanco  neit  below  the  >ky  luw  u  a  pof  uon  of  the  greaL  frootal  moraine.  ^^  ™ 
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50  square  miles,  and  the  claim  is  made  for  the  full  capacity  of  the 
reservoir,  estimated  at  20,000  acre-feet.  The  water  is  taken  from  La 
Jara  Creek  and  all  its  tributaries,  including  Lost  Creek,  and  may  be 
used  for  domestic  purposes,  irrigation,  power,  or  any  other  bene- 
ficial purposes. 

This  reservoir  has  become  the  property  of  the  Terrace  Keservoir 
Co.  and  is  used  as  an  "  exchange  reservoir."  Water  is  taken  from 
Alamosa  Creek,  and  in  return  the  La  Jara  water  is  carried  into  that 
creek  a  little  farther  downstream  to  satisfy  old  priorities.  This  ex- 
change is  permitted  by  a  State  statute^ 

There  is  some  seepage  through  the  dam,  out  it  has  never  become 
dangerous.  The  reservoir  as  constructed  will  hold  much  more  water 
than  is  available.  To  the  south  of  the  great  frontal  moraine,  and 
from  a  quarter  to  half  a  mile  south  of  the  reservoir,  a  number  of 
large  springs  have  developed,  and  those  who  are  familiar  with  the 
history  of  this  project  report  that  these  springs  have  appeared  since 
the  damming  of  La  Jara  Creek,  and  that  they  are  affected  by  the 
height  of  the  water  in  the  reservoir.  This  would  indicate  that  the 
great  morainic  mass  is  not  sufficiently  compact  to  hold  all  the  water 
collected  in  the  reservoir  to  the  north  of  it.  The  water  presumably 
sinks  through  to  the  base  of  the  glacial  debris  and  follows  the  rock 
surface  beneath. 

Plate  VIII  gives  gooa  general  views  of  the  reservoir,  of  the  larger 
dam  where  the  outlet  is  located,  and  of  the  massive  moraine  south  of 
the  reservoir. 

PBOFOSED  BESEBVOIB  IN  CLEAB  CBEBK. 

The  upper  portion  of  Clear  Creek  is  in  the  north-central  part  of 
the  San  Cristobal  quadrangle.  A  short  distance  above  the  point 
where  the  stream  turns  toward  the  southeast  to  flow  to  the  Bio 
Grande  the  valley  is  constricted,  as  shown  in  figure  17. 

The  constriction  is  due  in  part  to  rock,  but  the  rock  is  overlain  by 
glacial  debris.  Upstream  the  valley  is  broad,  open  meadowland.^ 
Before  construction  work  is  begun  a  detailed  study  of  the  geology 
at  and  near  the  dam  site  should  be  made.  The  clearing  away  of  the 
glacial  debris  and  all  loose  rock  and  the  construction  of  the  spill- 
way in  solid  rock  should  make  this  project  safe  so  far  as  leakage  is 
concerned.  The  ^drainage  area  that  furnishes  water  to  this  creek, 
however,  is  relatively  small. 

FBOPOSED  BESEBVOIB  ON  SOUTH  FOBS  OF  CLEAB  CBEEX. 

The  South  Fork  of  Clear  Creek  is  nearly  due  west  of  Santa  Maria 
Lake,  in  the  central  part  of  the  San  Cristobal  quadrangle  (fig.  17). 
The  upper  part  of  the  valley  is  broad  and  open,  and  its  floor  is  an 
extensive  ineadowland.  Near  the  point  where  the  stream  turns  south- 
eastward the  valley  is  rather  narrow,  and  the  narrow  portion  hf 
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been  thought  of  as  a  posable  site  for  a  dam,  above  which  t^e  waters 
would  collect  on  the  present  meadows.  This  is  a  very  uniortonate  se- 
lection for  a  reservoir  site,  as  the  depoeite  at  the  proposed  site  are 
of  glacial  end  landslide  origin.  It  is  extremely  doubtful  whether 
that  material  would  hold  in  more  than  a  low  head  of  water.  The 
fate  of  the  Moeca  reservoir,  in  the  Creede  quadrangle,  should  be  a 
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sufficient  warning  against  undertaking  a  project  under  geologic 
conditions  such  as  exist  near  the  mouth  of  the  South  Fork  of  Clear 
Creek.  Furthermort,  the  surplus  waters  of  that  fork  are  exceedingly 
small,  and  the  project  would  certainly  not  justify  large  investments. 
Before  construction  work  is  begun  a  detailed  geologic  study  should 
be  made  of  the  land  immediately  adjoining  the  proposed  site  for  the 
dam. 
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